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INTRODUCTION. 


The Review for December, 1897, is 
based on 2,916 reports from stations occupied by regular and 
voluntary observers, classified as follows: 147 from Weather 
Bureau stations; numerous special river stations; 32 from 
post surgeons, received through the Surgeon General, United 


States Army; 2,567 from voluntary observers; 96 received 
through the Southern Pacific Railway Company; 23 from 
Life-Saving stations, received through the Superintendent 
United States Life-Saving Service; 31 from Canadian sta- 
tions; 20 from Mexican stations; 7 from Jamaica, W. I. 
International simultaneous observations are received from. 
a few stations and used, together with trustworthy news- 
paper extracts and special reports. 

Special acknowledgment is made of the hearty cooperation 
of Prof. R. F. Stupart, Director of the Meteorological Service 
of the Dominion of Canada; Mr. Curtis J. Lyons, Meteor- 
ologist to the Government Survey, Honolulu; Dr. Mariano 
Barcena, Director of the Central Meteorological Observatory 
of Mexico; Mr. Maxwell Hall, Government Meteorologist, | 


Kingston, Jamaica; Capt. 8. [. Kimball, Superintendent of 
the United States Life-Saving Service; and Commander J. E. 
Craig, Hydrographer, United States Navy. 

The Revtew is prepared under the general editorial super- 
vision of Prof. Cleveland Abbe. 

Attention is called to the fact that the clocks and self- 
registers at regular Weather Bureau stations are all set to 
seventy-fifth meridian or eastern standard time, which is 
exactly five hours behind Greenwich time; as far as prac- 
ticable, only this standard of time is used in the text of the 
REVIEW, since all Weather Bureau observations are required 
to be taken and recorded by it. The standards used by the 
public in the United States and Canada and by the voluntary 
observers are believed to generally conform to the modern 
international system of standard meridians, one hour apart, 
beginning with Greenwich. Records of miscellaneous phe- 
nomena that are reported occasionally in other standards of 
time by voluntary observers or newspaper correspondents are 
generally corrected to agree with the eastern standard; other- 
wise, the local meridian is mentioned. 


STORM WARNINGS AND 


WEATHER FORECASTS. 


By Lieut. Col. H. H. C. Dunwoopy, Supervising Forecast Official. 


Under this head it is proposed to make note of all extreme | 
and injurious weather conditions occurring during the month, | 
and the warnings of the same issued by the Bureau, with, 
instances, as far as reported by observers or the press, in| 
which these warnings were of special public benefit. The, 
signals displayed by the Weather Bureau will be referred to 
as “information,” “storm,” “hurricane,” “cold wave,” and 
“ norther,” respectively. 

The following notes have been collected. 

No very severe or destructive storms occurred during the 
month. 

The injurious weather conditions of most marked note 
were the frosts and freezing weather that occurred in the 
citrus fruit districts of California on the 2d and 3d and from 
the 16th to the 22d, inclusive. On the former dates the 
temperature fell to considerably below freezing as far south 
as Los Angeles and Riverside counties, but the injury to the 
fruit interests was probably small. Concerning the latter 


period, Mr. W. H. Hammon, forecast official, in charge of| ; 


the Weather Bureau office at San Francisco, reports: 


Beginning with Wednesday night, December 15, and continuing until 

cember 22, inclusive, temperatures at least approximating and in some 
places falling below the danger point were experienced in the citrus 
regions of California. On the nights of December 15, 16, and 17 proba- 
bly no injury resulted, although it will be observed that the Riverside 
Press on December 17 records a temperature of 26° and states that ex- 
tensive efforts at protection were employed. On Saturday avery slight 


‘temperature falling to 21° and 24° in low places. 


depression moved southward across southern California, which had . 
ie been moving from the northeast across Utah and southern 
Nevada during the two days previous. This caused light showers in 
southern California, followed by clearing weather and north winds 
Saturday night. In some sections in the vicinity of Ontario and Po- 
mona the wind ceased, so as to allow serious frost Sunday morning, the 
The most injurious 
frost was Sunday night, December 19, when the temperature in Red- 
lands, San Bernardino, and Riverside varied in places from 21° to 32°. 
On the nights of the 20th and 21st almost as severe frost occurred, 
= probably increased the injury, owing to the continuation of the 
cold. 

From no section has as full and reliable information been received 
regarding the severity of the frost as from Riverside, and the lowest 
record that I have been able to find from that section is 22°, and that 
well down on the side of an arroyo. The temperatures, as a rule, 
ranged between 24° and 28° in sections in which in December, 1895, 
they ranged from 20° to 24°. The temperatures recorded at Pomona 
— and Redlands this year were as low as those recorded 
in 1895. 

It is difficult to determine the extent of the gery in the citrus re- 
gion. In northern California the crop was nearly all marketed, and 
the greater portion of that still on the trees was picked after the warn- 
ing was received, and consequently the injury was slight. In southern 
California the Los Angeles Haprens places the injury between 10 and 
20 per cent; the Riverside Press, from 15 to 25 per cent; and the Los 
Angeles Herald, at one-third of the crop. Probably the estimate of 
the Riverside Press is the most nearly correct. 


Warnings of these frosts were issued by the Weather Bureau 
in every instance on the morning of the day preceding their 
occurrence. 
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On the morning of the 2d the forecasts for the following 
day were: “ For northern California, decidedly colder to-night, 
with killing frost; smudging necessary for citrus fruits. For 
southern California, killing frost, injurious to citrus fruits; 
smudging necessary.” On the morning of the 3d the fore- 
casts were: “For northern California, heavy frosts to-night. 
For southern California, killing frost to-night.” 

Concerning the forecast of the 2d, Mr. Hammon reported 
that it was somewhat more severe than was warranted, but 
that he preferred to have the error made in that direction 
rather than that a serious frost should occur without a suffi- 
cient warning being given, as the expense of protection was 
slight in comparison with the injury that would result without 
protection. 

On the morning of Wednesday, the 15th, forecast was made 
of killing frost for Thursday, the 16th, with “some danger to 
citrus fruit Thursday night,” and a similar forecast was 
repeated daily until Saturday, the 18th. From Saturday 
evening, the 18th, to Wednesday, the 22d, the forecast read, 
“killing frost, probably injurious to citrus fruit.” These 
warnings were given the most complete and effective dis- 
tribution possible throughout the threatened regions. All 
persons receiving forecasts on the daily forecast card re- 
ceived these warnings. The telephone company distributed 
them to every exchange in the State, and the Southern Pacific 
Company and San Francisco and San Joaquin Valley Railway 
Company notified all their agents. 

The benefits of these warnings to the fruit growers in en- 
abling them to secure large quantities of the crop before it 
was harmed and to protect the remainder from injury is uni- 
versally admitted to have been immense. It is stated that 
nearly every large orchard is now provided with excellent 
means for preventing or diminishing injury from frost, and 
undoubtedly every possible means of protection was used 
in these instances. It was probably due in a measure to 
this protection that so little injury resulted from the 
frosts of the 3d and 4th, and the value of the fruit saved 
from damage through these means during the freezing 
weather of the 16th to 22d is estimated at approximately 
a million dollars. . 

It is thought reasonable to believe that the fact that the 
temperatures reported from Riverside during this freeze were 
on the average about 4° higher than those of 1895, while the 
temperatures reported from Pomona, San Bernardino, and 
Redlands were about the same as in 1895, was due largely to 
the more extensive use of protective measures in the first- 
named district. 

The freeze had the effect of drawing increased attention to 
and putting to practical test the various means of protection 
that have been heretofore suggested or devised, and also of 
arousing a general interest in and discussion of the region, 
climate, and conditions best adapted to the successful culture 
of citrus fruit. Among the means of protection used at this 
time may be mentioned the burning of moist straw, or 
“smudging,” steam apparatus, water spraying, baskets of 
burning coal, and buckets of burning oil and tar. The last- 
named method was claimed in one instance to have raised the 
temperature of the orchard where it was used 5° above that 
of the surrounding locality. 

Suggestion was made that the general protection of fruit 
from injury by cold was a matter of such public interest and 
involved so great expense and such extensive preparation and 
cooperation that it might be justly made a public charge and 
provided for by a tax levy. 

Investigations were made as to the temperature inside and 
outside the fruit at which injury began, with the result of fix- 
ing iy former at from 31° to 28°, and the latter at from 26° 
to 24°. 

Several experiments were made with the X rays, in order to 


determine from the photographs whether the fruit had suf- 
fered injury or not. 

From many articles on this subject in the public press the 
following are selected: 


Los Angeles, Cal., Daily Herald, December 2, 1897.—A killing frost and 
stiff northerly winds are predicted for southern California to-night. A 
heavy storm and a cold wave prevailed in Utah and Nevada yesterday, 
and southern California will not escape, as the atmospheric disturbance 
is traveling this way. 

The Weather Bureau announced the frost early yesterday, thirty-six 
hours in advance of the arrival of the vegetation destroyer. The 
orange and lemon growers and others whose products are liable to 
injury are thus warned in ample time to take — for the protection 
of their crops. To-day should be a busy day with them. Of course 
the whole of southern California will not be affected alike, but pre- 
= should be taken at all points where there is danger of a killing 

rost. 

The prediction of frost so far in advance of its coming shows that the 
weather service has taken great strides forward in recent years. It 
pays for itself many times over in thus giving warning of storms, frost, 
and other elemental disturbances. It often occurs nowadays that 
ships put out to sea or remain in port in accordance with the sugges- 
tions of the Weather Bureau, thereby escaping danger and _ possible 
loss. A single warning of this kind has saved millions of dollars in 
a oe | on the Atlantic coast. 

San Bernardino, Cal., Sun, December 3, 1897.—The message that was 
sent from the Weather Bureau Wednesday, announcing a heavy kill- 
ing frost for Friday morning, caused consternation eeoughont the 
whole citrus belt of southern California. It meant danger to millions 
of ne gu | atatime when the loss would come heavy on the fruit 
grower. The orange crop this season is exceptionally large and the 
_— good. A freedom from frost would lift the burden from hun- 

reds of struggling horticulturists, while a frost means disaster to them. 

Yesterday afternoon the Southern Pacific Company sent out to all 
their agents and conductors strict orders to sound the alarm to every 
omen on their lines throughout the State and disseminate the news as 

roadcast as possible through the following dispatch : 

‘All agents. Weather Bureau forecast: Cold weather and killing 
frosts in Sacramento and San Joaquin valleys to-morrow, Friday, morn- 
ing. Also killing frosts in southern California orange sections and a 
few miles back from coast. The bureau recommends smudging of all 
orange groves to-night to prevent great loss. Advise all conductors so 
a may notify and spread this information.” 

The first warning came twenty-four hours in advance and was 
heeded throughout the whole valley. The thermometer was closel 
watched by hundreds of anxious people all last night to notice each 
change for the worse. At 6p. m. last evening it marked 42°. 

At midnight the mercury had dropped to 30°, when a slight warm 
wind came from the southwest and the thermometer rose rapidly, and 
at 2 a. m. it stood at 36°, and the danger was over. 

There are many ways of diminishing the danger from frost prac- 
ticed by the orange grower. To turn on the irrigating water through 
the orchard is a great help. 

In the Everest orchard of Riverside, along the upper side, is a series 
of large tanks filled with crude petroleum. From each one runs a pipe 
down through the orchard, with laterals. From the latter fine streams 
of oil drop into iron kettles, and when lighted the orchard is warmed 
and smudged at the same time. It isclaimed that the temperature can 
be raised in this way from 8° to 12°. Many growers place windrows of 
hay through every other row of trees, and dampen it, so it will send up 
a doud of steam and smoke burning slowly. This is an excellent way 
to keep off the frost and is very successful. 

Coal tar in vessels, when set on fire, throws up a dense smoke. This 
is good, but it affects the fruit, giving it a smudge that needs to be 
cleaned off before packing the fruit. 

A wire screen with a fire underneath and wet straw or coarse, damp 
manure on top is said to be excellent to raise a steam and smudge. 

There are a dozen other ways to keep the frost at bay, the main idea 
being to raise an artificial cloud that will prevent the moisture from 
settling on the fruit and turning to frost there. A slight breeze isa 
sure preventive. In Rialto there is scarcely a night in the year but 
there is a breeze sweeping over it, and frost to damage oranges has 
hitherto been unknown there. 

San Francisco, Cal., California Fruit Grower, December 25, 1897.—The 
citrus fruit-growing districts of California have lately experienced the 
effects of a cold wave of unusual length. The daily weather map and 
bulletin of the United States Department of Agriculture bearing date 
Wednesday, December 15, over the name of W. H. Hammon, forecast 
official, in charge, had this for southern California: “Fair to-night and 
Thursday; colder to-night, with frost in the interior; some danger to 
citrus fruit Thursday night.” Every day since then, up to and including 
December 21, the forecast for that section has been for injurious frosts, 
but worded more strongly. 

San Francisco, Cal., Call (editorial), December 22, 1897.—So much criti- 
cism, both flippant and caustic, is visited upon the Weather Bureau 
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whenever it makes a mistake in forecasts that it is only fair commen- 

dation should be given when by some conspicuous act of useful service it 

demonstrates its value to the community. Such service it has just 

rendered in giving warning to the orange growers of the coming of the 

cold snap, thus enabling them to prepare in time for guarding, as far as 
ible, against injury by frosts. 

It is yet too early to venture upon estimates of the amount of dam- 
age done by frosts, or to calculate how much was saved in the orchards 
where the growers smudged or resorted to other devices to keep the 
temperature of their orchards above the danger point. Enough is 
known, however, to make it certain that the loss in some localities has 
been very great, and that it would have been greater but for the warn- 
ing sent by the Weather Bureau. 

Taking all things into consideration, there is probably no department 
of the public service in which the Government renders so much ben- 
efit to the pee in proportion to its cost as the Weather Bureau, and 
the value of the service increases with each succeeding year. It would 
be more valuable if the people understood better how to profit by its 
warning. For that reason it is to be desired that some data be gath- 
ered of the results obtained from the various means of guarding 
against frost in the present instance, so that the best method of avoid- 
ing the danger in future may be made known. 

Albany, N. Y., Press and Knickerbocker, January 3, 1898.—A practical 
demonstration of the value to agriculturists of the bulletins of the 
Weather Bureau was given last week in the fruit-growing districts of 
southern California. Extreme cold was predicted in Los Angeles, 
Riverside, and Bernardino counties, and, in fact, the mercury fell to 
10° below freezing, the lowest ee registered in that part of 
the country for twenty-five years. With ripe and ripening oranges on 
the trees this would have meant, but for the hoisting of the danger 
signal, a complete loss of the fruit. Careful estimates show the quan- 
tity of fruit ready for marketing thus put in jeopardy to have been 
10,000 carloads, or 2,000,000 boxes, amounting in value, at $3 a box, to 
$6,000,000. About one-fifth of the crop is supposed to have been gath- 
ered in at the first warning of the Weather Bureau, and the dilatory 
or skeptical owners of the other four-fifths doubtless wish that they 
had reposed greater trust in the official meteorologists. 

Sacramento, Cal., Record Union, December 23, 1897.—Whatever poking 
of fun may have been —s in in the past at the expense of the 
Weather Bureau service, and there has been all too much of it, it must 
be conceded now that the Bureau has in the recent service in this cold 
spell been accurate and of greatest benefit to the people of the whole 
of this coast. The fact is that the Bureau, as a rule, has been all along 
accurate in its forecasts. We are prone to find fault with it when, 
like all human institutions, it has been in error, while we are not 
given to awarding full credit for all its beneficence when reliable and 
correct. For that it is a good doer, whoever is honest and just must 
admit. The American people have every reason to be proud of the 
Weather Bureau, and to be satisfied with the service it gives the 
country. Let those who have carped and complained pause long 
enough to contemplate the blotting the service from our system. Let 
them reflect upon what would be the result of being deprived of that 
which has now become so much more than a convenience, a necessity. 

Los Angeles Sunday Times, December 26, 1897.—The facts about the 
citrus fruit industry in southern California are no longer difficult of 
ee hey are, indeed, so plain that ‘‘he who runs may 
read. 

When, twenty-five years ago, orange trees were first planted in this 
section on a commercial scale, little or nothing was known by the 
pioneers of the industry regarding the proper conditions attendant on 
the planting and cultivation of citrus fruit. Quite naturally orange 
groves were planted on the level lands, where the necessary water for 
irrigation was available. Hence, we find that a majority of the older 
groves are the worst damaged whenever a severe frost occurs. 

The true citrus belt of this continent, on the Pacific coast, extends 
from the latitude of Santa Barbara, on the north, southward, through 
southern California and Mexico, to Central America. It is here nar- 
row, there wide, according to local conditions. Even within the limits 
of a quarter of a section of land there may be local climatic conditions 
which must be studied. 

North of the Tehachapi range are, here and there, narrow sheltered 
strips of land in the foothills, upon which citrus fruit may be raised 
with fair prospect of success, in ordinary seasons, even as far north as 
Butte County, but the farther north one goes the smaller is the area 
of such lands, and the greater the care which must be exercised in 
planting orange or lemon groves. 

The fact is that the whole of southern California is on the northern 
edge of the true citrus belt of the Western Hemisphere, and we must 
govern ourselves accordingly. Those who, influenced by enterprising 
real estate agents or by inadvertence, plant citrus trees outside of the 
safety line must be content to take their chances. The area of safe 
citrus land in southern California, while in the aggregate quite im- 
portant, bears only a very small relation to the total area of the seven 
southern counties, and from year to year Jack Frost defines his bounda- 
ries more plainly. All who are interested in the permanent prosperity 
of this section should see to it that strangers are not led to delude 
themselves on this score. 


It would well pay the citrus fruit growers of southern California to 
club together and bey the orange and lemon groves that have been 
planted in localities visited by damaging frosts every two or three 
years, cut down the trees, and replant the land with some tree or crop 
more adapted to the climate. 

Los Angeles Daily Times, December 22, 1897.—In this connection it 
might be well to note certain experiments which have been made this 
year. At Pomona tests have been made by a representative of The 
Times, and by J. W. Mills of the Experiment Station, to determine 
the degree of cold requisite to congeal orange juice. It was found that 
at a temperature of 28° in the interior of the orange, which had oc- 
curred three times during December, and which is the lowest tempera- 
ture yet found, the juice showed the presence of ice, though water con- 
geals at a temperature of 32°. Mr. Mills, however, placed open dishes 
of water and orange juice side by side, and determined that ice was 
present in the juice before the water froze, but in the juice it was in 
the nature of floating crystals, not all the juice congealing, while the 
water eventually froze solidly. This would indicate that an orange 
might be frozen sufficiently to burst the juice cells without this being 
evident to the eye when cut open. 

The effect of frost on oranges is to burst the juice cells, leaving the 
juice to float through the fruit, from which in time it is either drawn 

ack into the tree, or finds its way through the pores of the rind and 
evaporates. In the course of time, which is hastened by warm weather, 
the fruit becomes flabby and light in weight, while eventually spots 
appear upon the rind, indicating the beginning of decay. If imme- 
diately picked, this fruit can be sent to market and consumed without 
attracting attention, and there is no reason to believe that, as long as 
it is firm and of practically normal weight, it is unwholesome. But 
when, in the course of about two weeks, the fruit becomes flabby and 
juiceless, it is neither palatable nor wholesome. It is not always easy 
to determine whether an orange is a injured or not. If only a 
few of the cells are broken, the orange will lose but slightly in weight, 
the loss in weight increasing in proportion to the loss of juice. A box 
or — naturally weighs about 70 pounds. If it falls to 60 pounds it 
may still rank as good fruit, though not fancy, while if it drops to 50 
pounds it is undoubtedly not a wholesome food. As a single tree may 
contain sound fruit, fruit that is badly frozen, and fruit in all interme- 
diate stages, and as the condition of the fruit can only be determined 
by weight as the expert packers handle them, it is evident that, even 
in view of great care, some of the comparatively light fruit must be 
marketed. 

On the other hand, when a grower sees his crop injured, his desire to 
save himself as far as possible from loss often prompts him to pick and 
market the oranges as rapidly as possible, and it has been the case fol- 
lowing previous frosts that the shipments reached an abnormal! condi- 
tion immediately after the frost, while those who had giltedge fruit 
would not market it in view of the certainty of a demoralized market. 
These shipments rarely bring returns of consequence, as the fruit is 


generally known to be frosted and the market breaks under the pres- 
sure. hether that will result this year isdoubtful. It is certainly to 
be hoped that no inferior fruit will be sent out. 


If the oranges are not picked after the frost, in the course of amonth 
nature begins to segregate the sound fruit from that which is frozen, b 
throwing the latter tothe ground; and, so far as the frosts of this mont 
are concerned, it can be said that when the market rallies from the 
holiday trades, about February 1, it will be too late to receive any 
oranges which are badly frozen, as they will then be on the ground. 

Eastern dealers and consumers need have no suspicion of oranges 
which reach them under the brand of fancy fruit. The packers have 
labored for years to build up a reputation for their brands, and while 
it is possible that some frosted fruit will find its way to market, it is 
certain that no reputable house will ship such freight under a brand 
which has a reputation with eastern dealers. 

The fact that the frost has trodden paths where its footprints were 
discernible before simply once more emphasizes the necessity of adapt- 
ing —_ cultivation of the soil to the climate and other conditions which 

revail. 

, Los Angeles, Cal., Daily Herald, December 24, 1897.—There is another 
view of the case that must not be lost sight of. These occasional cold 
waves have served to demonstrate the fact that there are warm belts 
and there are cold belts throughout the State. The lowlands are sub- 
ject to damaging frosts, while the higher slopes of the valleys, nearer 
the mountains or foothills, are not subject to dama ing frost. Years 
ago this fact was not so well known as it is to-day. e lowlands were 
more easily irrigated than the higher slopes, and hence they were, as 
arule, the first to be planted. Hence, many of the first orange orchards 
in southern California were planted in localities where no one would 
to-day think of mga either the orange or the lemon tree. As the 
people realized the fact that the higher slopes of the valleys were com- 
paratively free from frost, they began to plant their citrus trees on 
those slopes. 


FREEZING WEATHER IN THE TEXAS SUGAR AND VEGETABLE 
REGIONS. 


Freezing temperatures occurred in the sugar and vegetable 
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regions of Texas on the 3d and 4th, concerning which Dr. I. 
M. Cline, local forecast official and section director in charge 
of the Weather Bureau Office at Galveston, reports: 


As the a.m. weather map of Thursday, December 2, 1897, showed 
very unsettled conditions and the possibility of temperatures injurious 
to sugar and trucking interests in this section during Friday, noon 
special observations were called for from authorized stations in Texas, 
Oklahoma, and Kansas, * * * and the following special forecast 
was made and distributed at 2:45 p. m.: ‘‘ Temperature may fall to 40° 
at Galveston, and to 32° at points 50 to 100 miles from Galveston Friday.”’ 

The following temperatures were recorded Friday in the district 
for which the forecast was made: Galveston, 37.5°; Brenham, 30.0°; 
Columbia, 36.0°; and Missouri City, 32.0°. 

The 8 a.m. weather map of Friday, December 3, 1897, indicated 
freezing to the coast line, and the following special forecast was in- 
cluded with regular a. m. local forecast: ‘“ Freezing, with minimum 
temperature at Galveston 30°, and 50 to 100 miles from Galveston, 24° 
Saturday morning.” 

The following temperatures were recorded Saturday in the district 
for which the forecast was made: Galveston, 30.0°; Brenham, 23.5°; 
Columbia, 27.0°; Missouri City, 26.0°. 

Continued low temperature was forecast for Sunday morning, and 
freezing occu again near the coast. 

Prompt action was taken on the receipt of the warnings to protect the 
various crops in this section. 

The noone are from reports received at this office as to special 
benefits derived: 

E. H. Cunningham & Co., Sugarland, Tex., say: 

“Warning of December 2, received twenty-four hours before the 
freeze. Twelve hundred acres of sugar cane standing in the fields 
when warning received. Three hundred acres cut and windrowed 
before freeze set in, and five hundred acres additional cut on strength 
of warning of December 3. The service was of great value to us, 
enabling us to get sufficient cane in windrow before freeze came to 
enable us to save entire crop.” 

William Dunovant, Eagle Lake, Tex., says: 

“Warning received about twelve hours in advance of the norther ; 
cane farms immediately notified by telephone; every knife ible 
was put in the cane, and water and steam pipes drained. Value of 
property protected, $4,000. Cane left standing was only partially dam- 
aged, so the loss would not have been entire had none been cut; esti- 
mated value saved $1,000.” 

C. F. Mercer, Missouri City, Tex., says: 

“Warning received about sixteen hours before freeze; rishable 
vegetables covered up to the value of $1,000. Special warnings are of 
great value and we would like them continued.’ 

The vegetable interests in this vicinity are large and half the 
able crops were protected and saved from material injury. It is esti- 
mated that the value of that saved to truck farmers is $5,000. Ex 
water pipes to the value of $10,000 (estimated) were drained and saved 
from injury. 

A reasonable estimate of the property protected from the freeze in 
this vicinity as a result of the warnings of December 2 and 3 is 


AREAS OF HIGH AND LOW PRESSURE. 
By Prof. H. A. Hazen. 


During the month there were seven highs and twelve lows 
sufficiently well defined to be charted, and their apparent 
tracks will be found on Charts Iand II. The principal facts 
regarding the place of origin or the region where first seen, 
and the region of disappearance or where they were last seen, 
their duration and velocity will be found in the accompany- 
ing table. 

HIGHS. 


Of the seven highs five were first noted to the north of 
Montana, but could not be traced to the Pacific. The other 


two were first noted off the middle Pacific Coast. The ap- 
parent movement of I was nearly south to Texas and then 


perish- |; 


east to the Atlantic. Number III moved east and south from 
middle Pacific Coast and disappeared in extreme east Texas. 
The remaining highs moved east and southeast, and all dis- 
appeared off the Atlantic Coast. The temperature conditions 
accompanying these highs were remarkably moderate. Only 
one severe cold wave occurred during the month as high V 
moved southeast from the north of Montana on 15th and 16th; 
a.m.of 15th the temperature fell 40° in twenty-four hours 
at Helena and reached —4°; at Williston the fall was 38° 
and to —10°; p. m. of 15th the temperature fell 44° at Den- 
ver and reached 2°. Morning of 16th the cold wave extended 
to the Mississippi Valley; the temperature fall at Pueblo was 
40°, at Sioux City and Concordia was 34°, and at Omaha, 
Dodge City, and Amarillo it was 32°. On morning of 17th 
this cold wave was much diminished, and it continued dimin- 
ishing till the high disappeared off the New England Coast 
p. m. of 20th. 
Lows. 


Of the lows, six were first noted off the north Pacific Coast, 
one to the north of Montana, one off the south Pacific Coast, 
three in the west Gulf, and one in the upper Lake Region. 
The apparent motion of these lows was toward Newfound- 
land, where eight were last noted; the others were last seen 
in the upper Lake Region. As low V approached the Atlantic 
Coast the wind reached 56 miles an hour at Block Island 
p.m. of the 14th. As low XII approached the upper Lakes 
it caused a wind of 56 miles an hour at Chicago, and as it 
came near the lower Lakes, morning of the 30th, the wind at 
Buffalo reached 56 miles an hour. 


Movements of centers of areas of high and low pressure. 


Ave 
First observed. Last observed. Path. valeaiitn. 
igiat.& is = 
High areas © | © | Miles. Days. Miles. Miles. 
*29,a.m.| 53) 117| 6,p.m.| 3 78 | 3,120) 7.5 416 | 17.3 
4,p.m.| 52 108 9a.m.| 46 57 | 2,730) 4.5 2.3 
Ill. 8, p.m.!| 124/| ll,p.m.| 32); 1,550; 3.0 517 | 21.5 
10,p.m.| 38) 125 | 16,a.m./ 81 3,410) 5.5 620 | 25.8 
I4,a.m.| 53) 118 W,p.m./ 41 69 3,040 6.5 468 | 19.5 
58) 105 | 25,p.m./ 37 3.5 554 23.1 
VEE 26,a-m.| 101 30,p-m.| 2% 80 3,080 4.5 673 | 28.0 
18, 820 | 35.0 | 3,855 |...... 
Mean of 7 
2, 689 |...... 551! 22.9 
Mean of 35 
Low areas. 
*29,a.m.| 48 2p.m.| 49 52) 3,910) 1,117! 46.5 
lja.m.|; 6,a.m.| 49 3,930 5.0 786 | 32.8 
4,p.m.| 49 7,p-m.| 46 79 | 2,280, 3.0 760 31.7 
BV 7,a.m.| ,a.m.| 46 59 4,030 7.0 576 | 24.0 
10,p.m.| 47) 127 | 16,p.m.| 48 56 4,790) 6.0 798 | 33.2 
13,a-m.| 48 126 | I6,a.m.| 48 87 | 2,680 3.0 893 37.2 
16,p-m.| 2% | 99/19 p.m.| 47, 55| 2800 89.5 
19,p.m. | 30 9% 2i,p.m.| 47 55) 2,200 2.0) 1,100) 45.8 
2.p.m.| 111 47 1,800/ 3.0| 600) 25.0 
B,a-m.| 89 27,p.m.| 47 2,100) 2.5 840 | 35,0 
27,a.m.| 129) 3l,a.m.| 49 64, 2,900, 4.0 740 30.8 
33,860 | 44.0 | 9,327 |...... 
Mean of 12 
6s 2,822 777 | 32.4 
Mean of 44.0 
770 | 32.1 
* November. 
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CLIMATOLOGY OF THE MONTH. 


By A.J. Henry, Chief of Division of Records and Meteorological Data. 


GENERAL CHARACTERISTICS. 


On the north Pacific Coast there was much rain; the val- 
leys of the Chehalis and Skyhomish were flooded, greatly to 
the detriment of property interests therein; temperature was 
somewhat above normal; there were violent winds at times 
which contributed to the destruction of several vessels and 
the loss of half a score or more of lives. 

On the middle and south Pacific coasts the reverse condi- 
tions obtained. Cold, dry winds prevailed, and the temper- 
ature over middle and southern California and Arizona fell 
to a lower point than usual. The prolonged cold spells of the 
3d—-4th, 19th, 20th, 21st, and 22d caused more or less appre- 
hension for the safety of citrus fruits and trees; later re- 
ports, however, showed that the damage was less than antici- 

ated. 
The weather of the Rocky Mountain and Plateau Region 
was colder than usual; the precipitation was mostly in the 
form of snow and somewhat less than the normal amount. 

East of the Rocky Mountains cold weather with rain and 
snow prevailed on the 2d, 3d, 4th, and 5th. Freezing tem- 
— occurred as far south as Texas, the Gulf Coast, and 

ouisiana. 

The remarkably low temperature of forty-three degrees be- 
low zero (— 43°) was recorded at Havre on the morning of 
the 2d. Observer C. W. Ling in charge of that station writes 
concerning the phenomenon as follows: 


The range of temperature, 68° on the 3d, is the ey daily range 
on record at this station for eighteen years past, and the temperature, 
43° below zero on the 2d, is the lowest on record for this station for first 
decade of December, and also the lowest that has ever occurred at this 
station so early in the season. The total daily wind movement was 26 
miles on the Ist and 8 miles on the 2d, 8 miles being the least total 
daily wind movement on record for this station. 


Cloudy weather with occasional rain or snow prevailed east 
of the Mississippi River from the 8th to the 15th. Heav 
fog interfered with navigation on the Great Lakes on the 9th 
and on the North Atlantic on the 10th. 

On the 14th a cold wave appeared north of Montana, which 
gradually spread eastward and southward with rain, changing 
to sleet and snow on its front. The cold wave was preceded 
by a rain and snow storm throughout Kansas, Nebraska, and 
Missouri on the 138th and 14th, which continued for about 
eighteen hours. By the morning of the 16th the front of the 
cold wave had reached northern Texas, Oklahoma, Arkansas, 
Missouri, and Illinois; it was accompanied in many cases by 
a thunderstorm. The temperature fall was quite sharp, being 
as much as 40° in five hours, in some instances. Several 
deaths from cold were reported. Much damage, especially 
to electric wires, trees, and shrubbery, was done by the 
rain and sleet storm throughout northern Texas, Arkansas, 
western Tennessee, and Missouri on the 19th and 20th. It 
had been raining or snowing throughout this region since 
the 17th and at many places the rain froze as it fell, forming 
a thick coating of ice over exposed objects. The ice layer so 
formed was greatly augmented by the heavy fall of sleet that 
occurred on the night of the 19th. Wires broke under the 
load, trees were denuded of their limbs, and, according to 
ress dispatches, at least three lives were lost by falling 


imbs. 

_ Alternating clear and cloudy weather, with rain or snow at 
times, prevailed from the 21st until the end of the month. 
On the 31st a severe rain and snow storm passed over the 
upper Ohio Valley and the Middle States, the greatest finan- 
cial loss being sustained in Pittsburg, where at least a foot 


of snow fell, completely wrecking the various systems of 
electric wires and temporarily blocking traffic on streets and 
street car lines. 
The greatest fogginess during the month occurred from the 
a to the 12th in the Lake Region and on the north Atlantic 
oast. 


- 
ATMOSPHERIC PRESSURE. 
{In inches and hundredths.] 


In December atmospheric pressure is generally greatest 
over the middle Plateau Region, where it averages about 
30.25 inches. There is also a smaller area of relatively high 
pressure over western North and South Carolina, northern 
Georgia, and eastern Tennessee. Pressure is generally least 
in the St. Lawrence Valley and the north Pacific Coast. 
From both of these regions pressure decreases toward the 
permanent areas of low pressure in the north Atlantic Ocean 
and Bering Sea, respectively. In the United States there 
is generally an increase of pressure from November to De- 
cember. 

The distribution of mean atmospheric pressure reduced to 
sea level, as shown by mercurial barometers, not reduced to 
standard gravity, and as determined from observations taken 
daily at 8 a.m. and 8 p. m. (seventy-fifth meridian time), is 
shown by isobarsonChartIV. That portion of the reduction 
to standard gravity that depends on latitude is shown by the 
numbers printed on the right-hand border. 

The distribution of mean pressure for the current month 
reduced to sea level does not differ in a marked degree from 
the normal. 

Pressure was below normal over the middle plateau in No- 
vember, 1897. The single area of high pressure inclosed by 
isobars varying from 30.15 to 30.30 inches, that generally 
appears in that region, was broken into two separate areas of 


Y | 30.15 inches the greater of which covered Assiniboia and the 


Dakotas (see Chart IV, November Review). The greatest in- 
crease in pressure during the current month was in the region 
above named. where, during last month, pressure was rela- 
tively low. Aside from the fact that pressure on the Pacific 
Coast, the Rocky Mountain, and Plateau Regions was much 
greater than usual there were no special features that call 
for remark. The pressure distribution on the Pacific Coast 
and Plateau Region was not favorable to precipitation over 
middle and southern California. 

The numerical values of Table I should be consulted for 
additional details. 


TEMPERATURE OF THE AIR. 
{In degrees Fahrenheit.] 


The month was generally colder than usual. Unseasona- 
ble temperatures, with heavy frost in exposed places, occurred 
in southern California and Arizona on the 3d, and again on 
the 19th, 20th, 21st, and 22d, the cold of the last-named 
period being the most severe of the month. The tempera- 
ture fell to 30° at Los Angeles on the morning of the 21st, a 
point as low as ever before recorded during December. The 
cold wave of the 3d—-5th, east of the Rocky Mountains, over- 
spread the plains region and Texas, moving eastward from 
the latter point into Louisiana by the morning of the 5th. 
Snow and sleet prevailed over northern Texas and snow 
flurries over the interior of Louisiana. The temperature in 
these regions fell to the lowest point reached during the 
month. The first killing frost and ice of the season at New 
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Orleans were observed on the morning of the 5th. On the 
14th an area of high pressure appeared north of Montana. 
It gradually spread southward and eastward reaching the 
middle Mississippi Valley by the morning of the 16th, the 
Texas Coast by the morning of the 17th, and the north 
Atlantic Coast during the 18th. The temperature gradients 
in front of the advancing cold were rather steep and the ad- 
vent of colder weather was marked by sharp squall winds 
with rain, sleet, or snow. While there were no severe cold 
waves during the month, there were frequent alternations 
from warm to cold, or from rain to snow and sleet. 

The mean temperatures and the departures from the normal, 
as determined from records of the maximum and minimum 
thermometers, are given in Table I for the regular stations 
of the Weather Bureau, which also gives the height of the 
thermometers above the ground at each station. The mean 
temperature is given for each station in Table II, for volun- 
tary observers. 

The monthly mean temperatures published in Table I, for 
the regular stations of the Weather Bureau, are the simple 


means of all the daily maxima and minima; for voluntary 1 


stations a variety of methods of computation is necessarily 
allowed, as shown by the notes appended to Table II. The 
mean temperatures given in Table IIi for Canadian stations 
are the simple means of 8 a. m. and 8 p. m. simultaneous ob- 
servations. 

The regular diurnal period in temperature is shown by the 
hourly means given in Table V for 29 stations selected 
out of 82 that maintain continuous thermograph records. 

The distribution of the observed monthly mean temperature of 
the air over the United States and Canada is shown by the 
dotted isotherms on Chart IV; the lines are drawn over the 
Rocky Mountain Plateau region, although the temperatures 
have not been reduced to sea level, and the isotherms, there- 
fore, relate to the average surface of the country occupied by 
our observers; such isotherms are controlled largely by the 
local topography, and should be drawn and studied in con- 
nection with a contour map. 

The years of highest and lowest mean temperatures for Decem- 
ber are shown in Table I of the Review for December, 1894. 
The mean temperature for the current month was neither the 
highest nor the lowest on record at any regular station of the 
Weather Bureau at which observations have been made for a 
period of twenty years or more. 

The maximum and minimum temperatures of the current 
month are given in Table I. The highest maxima were: 
89, Los Angeles (29th); 83, Key West (3d), Jupiter (22d); 
82, San Luis Obispo (30th); 80, Jacksonville (4th), San 
Diego (13th). The lowest maxima were: 40, Duluth (9th) ; 
41, Idaho Falls (8th); 44, Moorhead (29th); 45, Sault Ste. 
Marie (9th), Moorhead (29th); 46, St. Paul, Minneapolis, 
La Crosse, Greenbay, and Dubuque (9th). The highest 
minima were: 51, Key West (28th); 49, Jupiter (29th); 40, 
Tampa (9th); 39, Charleston (26th), San Francisco (22d) ; 
38, Port Eads (5th). The lowest minima were: —43, Havre 

2d) ; —31, Miles City (3d); —26, Williston (2d); —21, 
ander (16th); —20, Huron (4th). 

In Canada.—Prof. R. F. can reports: 

Highest maxima: Kingston, 55; Port Dover, 58; Paris, 57; Niagara, 
61; Yarmouth, 57. 

Lowest maxima: Prince Albert, le, Father 

1 


Point, 38; White River, 37; Winnipeg, 33 nnedosa, 34. 
Highest minima: Esquimalt, 29; Agassiz, 15; Halifax,7; Yarmouth, 


10; Sydney, 4. 
Lowest minima: Edmonton, —42; Battleford, Prince Albert, —34; 


White River, —43. 

The years of highest maximum and lowest minimum tempera- 
tures for December are given in the last four columns of 
Table I of the Review for December, 1896. During the cur- 
rent month the maximum temperatures were equal to or above 


the highest on record at: Eaetport*, 54; Vineyard Haven, 
62; Pensacola, 76; Port Eads, 77; Los Angeles, 89. The 
minimum temperatures were equal to or below the lowest on 
record at: Amarillo, —1; Fresno, 23; Los Angeles, 30. 

The greatest daily range of temperature and the data for com- 
puting the extreme and mean monthly ranges are given for each 
of the regular Weather Bureau stations in Table I. The 
largest values of the greatest daily ranges were: Havre, 68; 
Huron, 58; Pierre, 55; Pueblo, 51; San Luis Obispo, 49; 
Lander, 47; Cheyenne, 45. The smallest values were: Fort 
Canby, 13; Tatoosh Island, Pysht, 14; Seattle and Tacoma, 
15; Astoria, 16; San Francisco and Key West, 17. 

Among the extreme monthly ranges the largest were: Havre, 
94; Miles City, 82; Rapid City, 77; Williston, Bismarck, 
Pierre, 75. The smallest values were: Tatoosh Island, 16; 
Fort Canby, 19; Port Angeles, 22; Astoria, 23; Pysht, San 
Francisco, 24; Seattle, 25. 

Considered by districts the mean temperatures of the cur- 
rent month show departures from the normal as given in 
Table I. The greatest positive departures were: North Pacific, 
1; South Atlantic and Florida Peninsula, 1.0 each. The 
greatest negative departures were: Upper Mississippi, 5.0; 
Missouri Valley, 4.8; middle Slope, 4.4; middle plateau, 4.2. 

In Canada.—Professor Stupart says: 

There was nothing especially remarkable about the distribution of 
mean temperature. Throughout British Columbia, the Northwest Ter- 
ritories, Manitoba, the Lake Superior district, northern Ontario, and 
northern Quebec it was a little Show average, and over southern On- 
_ southern Quebec, and in the Maritime Provinces it was a little 
above. The greatest dep artures reported were : 4° below average at 
White River, Ont., and 4 F chews at Chatham, N. B. 

Accumulated monthly departures from normal temperatures 
from January 1 to the end of the current month are given in 
the second column of the following table, and the average 
departures are given in the third column, forcomparison with 
the departures of current conditions of vegetation from the 
normal condition. 


| Accumulated Accumulated 
departures. departures. 
ver- ver- 
Total. age. Total. age. 
New England ............- 5.5 t 0.5 Florida Peninsula........ — 0.4 0.0 
Middle Atlantic........... 4.0 0.3 || Northern Slope .......... — 0.1 0.0 
South Atlantic ............ 5.5 0.5 | Southern Plateau ........ —7.5| — 0.6 
8.4 0.7 | Middle Plateau .......... —8.8| —0.7 
West Gulf | 11.0 0.9 Middle Pacific............ —0.5 
Ohio Valley and Tenn.... 8.6 0.7 | South Pacific............. —9%9.0| —0.8 
Lower Lake .. 7.5 
Upper Lake ...........+..- 15.9 1.3 | 
— Dakota....... ..... | + 2.8 0.2 | 
per Valley.. 9.7 0.8 
M ssouri Valley .-......... 0.7 | 
Middle Slope.............- 8.4) 40.7) 
Northern Plateau......... 7.8 0.6 
North Pacific............- 0.1 0.0 
Southern Slope............ 0.0 0.0 
FROST. 


At the end of the month freezing temperatures had oc- 
curred in all parts of the country, except on the immediate 
Pacific Coast, the delta of the Mississippi, and the Florida 
Peninsula. In the last-named, light to heavy and killing 
frosts occurred over the northern half of the peninsula in 
exposed places. The isotherms of 32° and 40°, on the snow- 
fall Chart VI, show the southerly limits of the regions that 
have suffered frost or freezing weather. 

PRECIPITATION. 
[In inches and hundredths. 

On the whole, December, 1897, was not far from a normal 

month as regards precipitation. There was more than the 


* Observations cover a period of twenty-five years, or more. 
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average on the north Pacific Coast and in the lower Missis- 
sippi Valley, but there was less than the average on the mid- 
dle and south Pacific Coast. The deficiency in the Gulf and 
South Atlantic States, referred to in previous Reviews, still 
exists. 

Considered by districts the total precipitation, i. e., rainfall 
and melted snow, of the current month was normal in one, 
above in ten, and belowin ten. The amounts above or below 
norma! in the various districts were not large, except on the 
Pacific Coast, where an excess of 3.70 inches, and deficits of 
3.00 and 2.20 inches, respectively, were noted. Elsewhere the 
excess or deficiency per district was not greatly over half an 
inch, as will be seen by an examination of Table I. 

In Canada.—Prof. R. F. Stupart says: 

In the southern part of Vancouver Island the precipitation was above 
average, but on the mainland of British Columbia, it appears to have 
been, on the whole, below rather than above average amount. In the 
Northwest Territories and Manitoba, where it was cRiefly snow, it was 
above average almost everywhere, and peony! so at Prince Albert 
and hanes oy Along the north shore of Lake Superior, in the lower 
St. Lawrence Valley, the Gulf, and in the Maritime Provinces, it was 
below the average, and in the eastern and southern portions of these 
latter provinces to a considerable extent, Yarmouth being 3.2 inches 
below, Halifax 1.9 below, and —— 2.2 inches below. Over the 
greater ‘none of Ontario and over the extreme western part of Quebec 
it was above the average, Parry Sound being as much as 2.1 inches 
above and Montreal 2.2 above. In southern Ontario, generally, it was 
nearly average, but locally, in the southwestern portion, there appears 
to have been a small deficiency. 

The average departure for each district is given in Table 
I. By dividing each current precipitation by its respective 
normal the following corresponding percentages are obtained 
(precipitation is in excess when the percentage of the normal 
exceeds 100) : 

Above the normal: New England, 119; middle Atlantic, 
119; south Atlantic, 103; east Gulf, 114; west Gulf, 124; 
Ohio Valley and Tennessee, 117; Missouri Valley, 140; 
northern Slope, 147; northern Plateau, 110; north Pacific, 
140. 

Normal: Florida Peninsula, 100. 

Below the normal: Lower Lake, 86; upper Lake, 91; 
North Dakota, 38; upper Mississippi, 95; middle Slope, 67; 
southern Slope, 49; southern Plateau, 32; middle Plateau, 
82; middle Pacific, 46; south Pacific, 11. 

The years of greatest and least precipitation for December 
are given in the Review for December, 1890. The precipi- 
tation for the current month was the greatest on record at: 
Narragansett Pier, 6.70; Cheyenne,* 1.27; Port Angeles, 9.85. 
It was the least on record at: Minneapolis, 0.13; Oklahoma, 
0.70; Fresno, 0.48; Los Angeles, 0.05. . 

The total accumulated monthly departures from January 1 to 
the end of the current month are given in the second column 
of the following table; the third column gives the current 
accumulated precipitation expressed as a percentage of its 
normal value. 


| 


. 

a 

Bg | Bg | 

35 | 4s 35 | 33 

Districts ES Districts. | B= 

5a | Ss 

| 88 | 83 

<7 | <8 | a> | <5 
Inches. Peret.| inches, | Perct. 
New England ............ 0.90 102 | Middle Atlantic.......... — 3.50 92 
Florida Peninsula ........ 11.30 122 | South Atlantic...... ... — 4.70 91 
Middle Slope ........... .. 0.30 101 || East Gulf................. — 5.30 90 
Southern Plateau. ....... 3.20 188 || West Gulf ................ —10.50 76 
Northern Plateau......... 2.50 115 | Ohio Valley and Tenn....| — 1.30 97 
North Pacific ............. 8.00 105 | Lower Lake .............. — 3.90 89 
Middle Plateau ........... 0.00 100 | Upper Lake.............0+ — 3.10 91 

per Mississippi Valley! — 2.1 

Missouri Valley.......... — 3.30 89 
Northern Slope .......... — 030 98 
Southern Slope......... — 0.60 97 
Middle Pacific. .......... — 5.80 80 
South Pacific.... ........ — 1.60 87 


* Observations cover a period of over twenty-five years. 


SNOWFALL. 


The total monthly snowfall at each station, if any occurs, is 
given in Tables I and II. The geographical distribution of 
snowfall is shown on Chart VI. Practically no snow fell 
from Chesapeake Bay westward to the foothills of the Ap- 
palachians and southward to the Gulf. No reports of snow 
were received from a narrow fringe of country on the Pacific 
Coast extending from Tatoosh Island on the north to San 
Diego on the south, although it is quite certain that snow 
fell on the higher peaks and ridges of that region. 

Ordinarily the southern limit of snowfall in December is 
found farther to the southward than is the case for the cur- 
rent month. The total depth of snowfall for the month is 
graphically shown on Chart VI by lines of equal snowfall. 
In drawing these lines only average depths at several stations 
in the same locality are considered. 


SNOW ON THE GROUND AT THE END OF THE MONTH. 


The depth of snow on the ground at the close of the month 
is shown on Chart VII. 

It will be seen that the ground was covered with snow in 
the Rocky Mountain and Plateau regions, although the depth 
was not so great as on November 30. There was no snow on 
the ground over a narrow strip extending from Kansas north- 
ward to the British Possessions. 

A heavy snowstorm prevailed throughout the upper Ohio 
Valley and the Middle States on the 31st and this region, as 
will be seen by reference to the chart, shows a greater depth 
of snow than is to be found elsewhere, except in isolated 
localities, as the upper peninsula of Michigan and at a few 
stations in mountainous regions. 

In Canada.—Prof. R. F. Stupart says: 

At the close of the month the only portions of the Dominion which 
had not a covering of snow were southern British Columbia, southern 
Alberta and poner: Seely wn Assiniboia, the greater part of Nova Scotia 
and New Brunswick near the Bay of Fundy. The snowfall in the 
mountains is reported as less than average, although at Glacier nearly 
9 feet are reported to have fallen. In northern Cariboo it is 20 
inches on the level, and at Kamloops 6 inches. At Prince Albert it is 
21 inches, and at Winnipeg 12 inches. 


ICE IN RIVERS AND HARBORS AT THE CLOSE OF THE MONTH, 


The “ Snow and Ice chart” of January 3, 1898, contains the 
following: 

In the Missouri River ice ranges from 10 inches at Omaha to 20 
inches at Bismarck and Williston, N. Dak.; in the Mississippi, from 9 
inches at Hannibal to 15.5 at St. Paul, being generally from 1 to 3 
inches more than reported on December 27. nsiderably more ice is 
also reported at stations along the Great Lakes and New England. In 
the Mohawk River it averages 8 inches, and in the Hudson ranges 
from 8 inches at Glens Falls to floating ice at Poughkeepsie, the ice 
in both the Mohawk and Hudson being very lumpy, necessitating 
much planing before harvesting. In the rivers of ~ w England the 
ice generally ranges from 7 to 9 inches in thickne:s. As compared 
with the corresponding date of last year there is decidedly more ice 
over the western sections of the country, but in the rivers of Maine 
there is somewhat less. 


In Canada.—Prof. R. F. Stupart reports the following 
figures : 


Medicine Hat and Swift Current, 16 inches; Minnedosa, 18 inches; 
Winnipeg, 10 inches; White River, 22 inches; Orillia, 8 inches; Arden, 
8 inches; Georgetown, 6 inches; Midland, 7 inches; Parry Sound, 4 
inches; Port Stanley, 6 inches; Rockliffe, 6 inches; Chatham, N. B., 
9 —- Yarmouth, 2 inches; Grand Manan, 5 inches; Charlottetown, 
6 inches. 


HAIL. 
The following are the dates on which hail fell in the 
respective States: 
California, 1,14. Missouri, 17. North Carolina, 14. West 
Virginia, 31. Oregon, 6, 7, 8, 11. 
SLEET. 
The following are the dates on which sleet fell in the re- 
spective States: 
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Alabama, 25. Arizona, 1, 2, 8, 15, 18, 19, 20,23. Arkan- 
sas, 2, 14, 16, 17, 18, 19, 20, 21, 25,31. California, 4, 18. 
Connecticut, 17,26. Delaware, 20, 26, Georgia, 5, 14, 25, 
26. Idaho, 15. Illinois, 2, 3, 4, 5, 6, 10, 13, 14, 16, 17, 19, 
20, 25, 28, 30, 31. Indiana, 1, 2, 3, 4, 5, 13, 17, 19, 20. Towa, 
8, 4,6,7. Kansas, 2, 3, 4, 6, 9, 12, 13, 16, 17, 18, 19, 20, 27. 
Kentucky, 2, 3, 4, 14, 16, 17, 18, 19, 20, 21, 24, 30, 31. Louisi- 
ana, 3, 4, 18, 19, 28,24. Maine, 14,21. Maryland, 3, 4, 20, 
22,26. Massachusetts, 17,31. Michigan, 4, 5, 6, 13, 14, 20, 
29, 80. Minnesota, 6,7, 11,15. Mississippi, 4, 17, 18, 19, 
21, 25, 26,27. Missouri, 2, 3, 4, 5, 12, 13, 14, 15, 16, 17, 18, 
19, 20, 21, 25, 29, 30,31. Montana, 14, 15,23, 25. Nebraska, 
20, 27, 30." Nevada, 2,6, 7, 8,10,11,18,19. New Hampshire, 
12, 14,21. New Jersey, 3, 4, 8, 9, 15, 20, 21, 22, 23, 26, 30, 31. 
New York, 4, 5, 6, 7, 18, 14, 17, 20, 26, 30. North Carolina, 
20, 21, 25, 26, 29, 30,31. North Dakota, 4, 5, 7, 11, 12, 29, 
30. Ohio, 2, 3, 4, 5, 7, 17, 20, 21, 22, 25, 29, 30,31. Okla- 
homa, 2. Oregon, 1, 4, 5, 9, 17, 24. Pennsylvania, 3, 4, 5, 
17, 19, 20, 21, 26,81. South Carolina, 25. South Dakota, 4, 
5, 10,12, 13. Tennessee, 2, 4, 5, 14, 15, 17, 18, 19, 20, 21, 25, 
26,31. Texas, 2, 3, 4, 16, 17,18, 19, 20,21. Utah, 8, 12, 14. 
Vermont, 14, 15, 17, 18. Virginia, 2, 19, 20, 25, 26, 27, 28, 
29. Washington, 4, 15, 16, 25, 26. West Virginia, 19, 20, 
29, 31. Wisconsin, 3, 4, 5, 6, 12, 13, 28. 


WIND 


The prevailing winds for December, 1897, viz, those that 
were recorded most frequently, are shown in Table I for the 
regular Weather Bureau stations. 

The resultant winds, as deduced from the personal observa- 
tions made at 8 a. m. and 8 p. m., are given in Table VIII. 
These latter resultants are also shown graphically on Chart 
IV, where the small! figure attached to mH arrow shows the 
number of hours that this resultant prevailed, on the assump- 
tion that each of the morning and evening observations rep- 
resents one hour’s duration of a uniform wind of average 
velocity. These figures indicate the relative extent to which 
winds from different directions counterbalanced each other. 

Mazxinum wind velocities are given in Table I, which also 
gives the altitudes of Weather Bureau anemometers above 
the ground. Maxima of 50 miles or more per hour were re- 
ported during this month as follows (maximum velocities are 
averages for five minutes; extreme velocities are gusts of 
shorter duration, and are not given in this table): 


Stations. | Stations | 
a 
Miles Miles 
Amarillo, Tex........... 12 56 on. Fort Canby, Wash..... 31 50 | e. 
ccece 13 | nw. | Carson City, Nev ...... 6 57 | sw. 
15 Mow. 7 56 | w. 
Block Island, R.I....... 4 Me. Cheyenne Wyo ........ ? 50 | w. 
Buffalo, N. Y .......... 5| 60|w. | Chicago, Ill........... 16| 56 | sw. 
Pe nccccececensoees 29 53 | w. Cleveland, Ohio ....... 23 56 | nw. 
380 BOs 24 50) nw. 
Fort Canby, Wash...... 4 78 | se. Denver, Colo .......... 7 53 | w. 
6 86 | s. cecces 30 52) sw. 
DOeccescovccecccese 7 4s. Havre, Mont........... 26 60 | nw. 
Do.. 8 63 | s. Sioux City, lowa....... 15 51 | nw. 
10 Mose. ste 16 533 nw. 
183 75 | se. Tatoosh Island, Wash. 6 60 | e. 
Do.. au 27 533 os. 
26 72 s. 31 68 oe. 
72 | 8. Woods Hole, Mass..... 18 nw. 


ATMOSPHERIC ELECTRICITY. 
Numerical statistics relative to auroras and thunderstorms 
are given in Table IX, which shows the number of stations 
from which meteorological reports were received, and the 


number of such stations reporting thunderstorms (T) and 


auroras (A) in each State and on each day of the month, re- 
spectively. 

Thunderstorms.—The dates on which the number of reports 
of thunderstorms for the whole country were most numer- 
ous were: 9th, 27; 10th, 24; 13th, 30. 

Reports were most numerous from: Louisiana, 26; Mis- 
sissippi and Missouri, 15; Oregon, 24. 

Thunderstorm days were most numerous in: Alabama, 
Missouri, and Oregon, 5; Louisiana, 12; Mississippi, 7. 

In Canada.—Professor Stupart reports thunderstorms as 
follows: at Bermuda on the 15th. 

Auroras.—The evenings on which bright moonlight must 
have interfered with observations of faint auroras are assumed 
to be the four preceding and following the date of full moon, 
viz, from the 4th to the 12th, inclusive. On the remaining 
twenty-two days of this month 128 reports were received, or 
an average of about 6 per day. The dates on which the num- 
ber of reports of auroras for the whole country especially 
exceeded this average were: 20th, 40; 21st, 27. 

Reports were most numerous from: Illinois, 11; Minne- 
sota and Montana, 20; North and South Dakota, respect- 
ively, 10. 

The number of reports was a large percentage of the num- 
ber of observers in: Minnesota, 29: Montana, 54; North 
Dakota, 20; and South Dakota, 23. 

In Canada.—Professor Stupart reports auroras on the fol- 
lowing dates: Father Point, 20, 21, 28, 29; Winnipeg, 20, 31; 
Minnedosa, 1, 15, 17, 18, 20, 21, 22, 29; Qu’Appelle, 30, 31; 
Medicine Hat, 10, 20, 22, 23, 26, 28, 30; Swift Current, 22; 
hao Albert, 2; Edmonton, 20; Battleford, 2, 4, 15, 29, 

, Sl. 


SUNSHINE AND CLOUDINESS. 


The quantity of sunshine, and therefore of heat, received 
by the atmosphere as a whole is very nearly constant from 
year to year, but the proportion received by the surface of 
the earth depends upon the absorption by the atmosphere, 
and varies largely with the distribution of cloudiness. The 
sunshine is now recorded automatically at 21 regular stations 
of the Weather Bureau by its photographic, and at 47 by its 
thermal effects; at one of these stations records are kept by 
both methods. The photographic record sheets show the ap- 
parent solar time, but the thermometric records show seventy- 
fifth meridian time; for convenience the results are all given 
in Table X for each hour of local mean time. In order to 
complete the record of the duration of cloudiness these 
registers are supplemented by special personal observations 
of the state of the sky near the sun in the hours after sunrise 
and before sunset, and the cloudiness for these hours has 
been added as a correction to the instrumental records, whence 
there results a complete record of the duration of sunshine 
from sunrise to sunset. 

The average cloudiness of the whole sky is determined by 
numerous personal observations at all stations during the 
daytime, and is given in the column “average cloudiness” in 
Table I; its complement, or percentage of clear sky, is given 
in the last column of Table X for the stations at which 
instrumental self-registers are maintained. 


COMPARISON OF DURATIONS AND AREAS. 


The sunshine registers give the durations of effective sunshine 
whence the durations relative to possible sunshine are derived ; 
the observers’ personal estimates give the percentages of area 
of clear sky. These numbers have no necessary relation to 
each other, since stationary banks of clouds may obscure the 
sun without covering the sky, but when all clouds have a 
steady motion past the sun and are uniformly scattered over 
the sky, the percentages of duration and of area agree closely. 
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For the sake of comparison, these percentages have been 
brought together, side by side, in the following table, from 
which it appears that, in general, the instrumental records 
of percentages of durations of sunshine are almost always 
larger than the observers’ personal estimates of percentages 
of area of clear sky; the average excess for December, 1897, 
is 5 percent for photographic and 4 per cent for thermo- 
metric records. 

The details are shown in the accompanying table, in which 
the stations are arranged according to the total possible dura- 
tion of sunshine, and not according to the observed duration. 
In obtaining the total possible sunshine the value for the 
parallel of latitude nearest the station is used. 


Difference between instrumental and personal observations of sunshine. 


For whole Instrumental record 
month. | of sunshine. 
6 
° 
& 
Key West, Fin 2 320.1) 55/..... 70 | +15 
87 | T.| 328.9) 57 |.....|...... +1 
TEE 18; P.| 320.2/ 42) 44/| +2 ].....]...... 
Jacksonville, 30 90| T.| 817.8] GO }.....)...... 60) +10 
Savannah, Ga........ 82 05 PP. 313.0) 44) 49 +5 
Vicksburg, Miss. ....... 33 T.| 319.0} 39; +2 
1/32 43, P.| 310.7) 79} 88 | + 
D.C. FT. 310.7 | 4B | 41; —2 
Phoenix, 33 2) 310.7) 74) 87 | +13)... .... 
Wilmington, N. C. 14. 307.7} 
Little Rock, Ark ....... 45 T. 305.2 
Chattanooga, Tenn .... T.| 305.2 
Santa Fe, N. Mex 41; P.| 202.5 
TORR. ccc 135 56, T.| 302.5 
36 10 T. 302.5 
Dodge City, Kans ......-.. 37 45 296.7 
San Cal |37 48 296.7 
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Difference between instrumental and personal observations—Cont’ d. 
For whole | Instrumental record 
mont of sunshine. 
3 
; 18| 8 
Sid) 
| 
$8 38) T.| 208.7) 10 29; +10 
$8 54) P.| 208.7) 51) 50 | — 1 
Kansas City, Mo..... 0000s 39 P.| 293.7) 36 6 | 
Cincinnati, Ohiod 39 06 | T.| 293.7) 2 
Parkersburg, W. 39 16| T.| 293.7) 17 2 
89 18/| T.| 203.7 | 42 12 
Atlantic City, N. J. 89 22) P.| 293.7) 39 
Denver, Colo........ -| 39 45| P.| 201.7) 55 leoveus 
Indianapolis, 39 46 | 291.7) 19 +3 
FG 39 57) T.| 201.7) 33 +16 
GD ve 39 58 T.!| 291.7 —16 
ase 40 16) T.| 291.7 +14 
WOW 40 T.| 287.8 +8 
Salt LakeCity, Utah 4 4) P.| 27.8) — 
| WYO... 41 08| P.| 287.8 anal 
41 16/ P.| 27.8| 87) 
41 30| T.| 24.7 | 0 
Des Moines, 41 35) T.| 24.7 | 48 51 | +3 
41 53 /|T.| 284.7 30); —1 
42 08 | T.| 264.7 | 2 +4 
Boston, Mass........ 284.7] 96 46 | +10 
2 89) T.| 281.0) 2 ].....]...... +7 
42 53) T.| 281.0) | 22) +10 
| 42 54) T.| 21.0) 41 47| +6 
| Idaho Falis, | 43 20 | 
Northfield, Vt 44 P.| 277.7} 28) 
| Huron, S. Dak 44 21 | BT 42} +5 
cc | 44 P.| 274.3) 32) 39 
44 58 P.| 274.3) 44) 42 _ 
i 260.6) 28 eo] 
Portland, Oreg {i 45 32|P.| 269.6| 28) 25) 
Bismarck, N. Dak 47 P.| 265.6) 45) 48) + 8 
WOE 00000000 147 16/T.| 205.6 | 18 13 0 
47 38) T.| 262.1] 19/..... 6| —13 
*Instrument out of order. 


CLIMATE AND 


CROP SERVICE. 


By James Berry, Chief of Climate and Crop Service Division. 


The following extracts relating to the general weather con- 
ditions in the several States and Territories are taken from 
the monthly reports of the respective sections of the Climate 
and Crop Service. The name of the section director is given 
after each summary. 

Snowfall and rainfall are expressed in inches. 

Alabama.—The mean temperature was 47.8°, or 0.8° above normal; 


the highest was 82°, at Eufaula on the 5th, and the lowest, 19°, at 
Hamilton on the 3lst. The average precipitation was 5.82, or 2.20 


above normal; the greatest monthly amount, 12.13, occurred at Jasper, | 


and the least, 1.05, at Clanton.—F. P. Chaffee. 

Arizona.—The mean temperature was 43.5°, or 9.5° below normal; 
the highest was 89°, at Maricopa, and the lowest, 12° below zero at 
Williams. The average precipitation was 0.42, or 0.06 above normal; 
the greatest monthly amount, 1.50, occurred at Flagstaff, while none 
oe - Calabasas, Casa Grande, Fort Mohave, and Gila Bend.— W. 7. 

the. 

Arkansas.—The mean temperature was 40.4°, or 3.1° below normal; 
the highest was 81°, at Bee Branch on the 9th, and the lowest, 10°, at 
Dallas, Fayetteville, and Winslow on the 4th. The average precipita- 
tion was 6.00, or 1.35 above normal; the greatest monthly amount, 
1, at Blanchard, and the least, 2.74, at Dardanelle.—F. H. 

rke. 

California.—The mean temperature was 44.4°, or 8.5° below normal; 
the highest was 94°, at Downey cn the 28th, and the lowest, 20° below 
zero, at Bodie on the 20th. The average precipitation was 1.75, or 2.67 
below normal; the greatest monthly amount, 10.66, occurred at Crescent 
City, while none fell at several stations.—H. W. Hammon. 


2 


| Colorado,—The mean temperature was 23.1°, or 3.2° below normal; the 
highest was 74°, at Rockyford on the 8th, and the lowest, 33° below 
zero, at Steamboat Springs on the 20th. The average precipitation was 
0.90, or 0.18 below normal; the greatest monthly amount, 5.75, occurred 
at Ruby, and the least, 0.05, at Vilas.—F. H. Brandenburg. 
_  Florida.—The mean temperature was 60.4°, or slightly above normal; 
_the highest was 91°, at Lemon City on the 9th, and the lowest, 28°, at 
| De Funiak Springs on the 5th, at Perry on the 27th and 28th, and at 
| Wausau on the 6th. The average precipitation was 2.84, or about 0.50 
_above normal; the greatest monthly amount, 6.50, occurred at Carra- 
belle, and the least, 1.00, at Lemon City.—A. J. Mitchell. 

Georgia.—The mean temperature was 48.4°, or 1.1° above normal; the 
highest was 84°, at Bragg on the 4th and 11th, and the lowest, 18°, at 
Toccoa on the 24th. The average precipitation was 3.66, or 0.58 below 
normal; the greatest monthly amount, 7.97, occurred at Diamond, and 
the least, 1.51, at Talbotton.—J. B. Marbury. 

Idaho.—The mean temperature was 24.5°; the highest was 57°, at 
Idaho City on the 29th, and the lowest, 27° below zero, at Gray on the 
18th. The average precipitation was 2.08; the greatest monthly amount, 
6.49, occurred at St. Maries, and the least, 0.58, at Rexburg.—D. P. 
McCallum. 

Jlinois.—The mean temperature was 27.3°, or 2.4° below normal; the 
highest was 72°, at Albion on the 10th, and the lowest, 18° below zero, 
at Scales Mound on the 18th. The average precipitation was 2.38, or 
0.07 below normal; the greatest monthly amount, 5.15, occurred at 
Cobden, and the least, 0.84, at Sycamore.— C. #. Linney. 

Indiana.—The mean temperature was 31.6°, or 1.6° below normal; the 
highest was 70°, at Boonville on the 9th, and at Vevay and Washing- 
ton on the 10th, and the lowest, 9° below zero, at Topeka on the 24th. 
The average precipitation was 2.65, or 0.14 below normal; the greatest 
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monthly amount, 4.37, occurred at Rockville, and the least, 0.61, at 
Valparaiso.— 0. F. R. Wappenhans. 

Jowa.—The mean temperature was 18.0°, or 5.0° below normal; the 
highest was 60°, at Denison and Mount Pleasant on the 9th, and the 
lowest, 25° below zero, at Atlantic on the 18th. The average precipita- 
tion was 1.65, or 0.34 above normal; the greatest monthly amount, 3.22, 
occurred at Ovid, and the least, 0.61, at Burlington.—G@. M. Chappel. 

Kansas,—The mean temperature was 29.0°, or 5.6° below normal; the 
highest was 79°, at Coolidge on the 8th, and the lowest, 16° below zero, 
at Phillipsburg on the 16th. The average precipitation was 0.78 ; the 
greatest monthly amount, 3.06, occurred at Fort Scott, and the least, 
trace, at Meade.—T. B. Jennings. 

Kentucky.—The mean temperature was 38.0°, or 1.2° below normal; 
the highest was 72°, at Henderson on the vth, and the lowest, 3° at 
Mount Sterling on the 24th. The average precipitation was 3.75, or 
0.25 above normal; the greatest monthly amount, 5.60, occurred at 
Williamsburg, and the least, 2.47, at Scott.—Frank Burke. 

Louisiana.—The mean temperature was 52.3°, or 1.5° below normal; 
the highest was 89°, at Southern University Farm (near New Orleans) 
on the 30th, and the lowest, 17°, at Plaindealing on the 4th. The aver- 
age precipitation was 7.29, or 3.39 above normal; the greatest monthly 
amount, 14.60, occurred at Robeline, and the least, 3.13, at Rayne.— 
R. EB. Kerkam. 

Maryland and Delaware.—The mean temperature was 36.9°, or 1.3° 
above normal; the highest was 74°, at Pocomoke City on the 11th, and 
the lowest, 4° below zero, at Deerpark on the 25th. The average pre- 
oe was 3.57, or 0.61 above normal; the greatest monthly amount, 
S , occurred at Sunnyside, and the least, 1.96, at Westernport.—F. J. 


ak, 

Michigan.—The mean temperature was 24.3°, or 4.0° below normal; 
the highest was 65°, at Coldwater on the 9th and 10th, and the lowest, 
22° below zero, at Graylingonthe 24th. The average precipitation was 
2.41, or about normal; the greatest monthly amount, 5.80, occurred at 
Berrien, and the least, 0.76, at Humboldt.—C. F. Schneider. 

Minnesota.—The mean temperature was 12.3°, or 5.0° below normal; 
the highest was 58° at Lesueur on the 29th, and the lowest, 36° below 
zero, at Tower on the 26th. The average precipitation was 0.38, or 0.41 
below normal; the greatest ay, amount, 1.25, occurred at Albert 
Lea, and the least, trace, at Detroit City, New London, and Lakeside.— 
T. S. Outram. 

Mississippi.—The mean temperature was 47.4°, or about normal; the 
highest was 85°, at Lake on the 9th, and the lowest, 21°, at French 
Camp, Louisville, and Pontotoc on the 5th. The average precipitation 
was 8.54, or 3.41 above normal; the greatest — amount, 14.78, oc- 
curred at Edwards, and the least, 2.71, at Poplarville.—R. J. Hyatt. 

Missouri.—The mean temperature was 29.3°, or 4.6° below normal; 
the highest was 74°, at Mount Vernon on the 9th, and the lowest, 14° 
below zero, at Sublett on the 18th. The average precipitation was 2.81, 
or 0.81 above normal; the greatest monthly amount, 6.61, occurred at 
Birchtree, and the least, 0.61, at Darksville.—A. 2. Hackett. 

Montana.—The mean temperature was 22.7°, or 2.0° below normal; 
the highest was 61°, at Billings on the 27th, and the lowest, 45° below 
zero, at Chinook on the 2d. The average precipitation was 0.80; the 
— monthly amount, 3.80, occurred at Castle, and the least, 0.03, at 

ort Keogh.—J. Warren Smith. 

Nebraska.—The mean temperature was 22.9°, or 2.9° below normal; 
the highest was 68°, at Kearney on the 11th, and the lowest, 26° below 
zero, at Ashland on the 18th. The average precipitation was 1.31, or 
0.61 above normal; the greatest monthly amount, 3.10, occurred at 
Wakefield, and the least, 0.10, at Willard.—G@. A. Loveland. 

Nevada.—The mean temperature was 29.1°, or 1.4° below normal; the 
highest was 69°, at Candelaria on the 30th, and the lowest, 14° below 
zero, at McGill on the 20th. The average precipitation was 1.06, or 0.31 
below normal; the greatest monthly amount, 4.21, occurred at Lewers 
—. while none fell at Hot Springs and Darrough Ranch.—R. F. 

oung. 

New England.—The mean temperature was 28.4°, or 1.5° above nor- 
mal; the highest was 64°, at Boston, Mass., on the 10th, and the lowest, 
18° below zero, at a Vt., on the 25th. The average pre- 
cipitation was 4.78, or 1.28 above normal; the greatest monthly amount, 
7.36, occurred at Vernon, Vt., and the least, 2.10, at Burlington, Vt.— 
J. W. Smith. 

New Jersey.—The mean temperature was 35.1°, or about normal; the 
highest was 69°, at Toms River on the llth, and the lowest, 3° below 
zero, at Rivervale and Somerville on the 29th. The average precipita- 
tion was 4.90, or 1.79 above normal; the greatest monthly amount, 6.44, 
occurred at Englewood, and the least, 3.07, at Hightown.—Z. W. McGann. 

New Mexico.—The mean temperature was 33.4°, or 2.6° below normz|; 
the highest was 78°, at Eddy on the 30th, and the lowest, 17° below 
zero, at Buckmans onthe 17th. The average precipitation was below 
normal; the greatest monthly amount, 2.55, occurred at Fort Wingate, 
while none fell at Olio and Socorro.—H. B. Hersey. 

New York.—The mean temperature was 29.0°, or 0.9° above normal; 
the highest was 65°, at Lyons on the 9th, and the lowest, 21° below 
zero, at Canton on the 25th. The average precipitation was 3.78, or 0.91 
above normal; the greatest monthly amount, 6.71, occurred at Port 

an.—R. M. Hardinge. 


Jervis, and the least, 1.56, at Penn 


North Carolina.—The mean temperature was 43.9°, or 1.1° above nor- 
mal; the highest was 76°, at Newbern on the 10th, and the lowest, 10°, 
at Linville on the 24th and at Oakridge on the 25th. The average pre- 
cipitation was 3.67, or about normal; the greatest monthly amount, 
7.81, occurred at Hatteras, and the least, 1.68, at Southern Pines.—C. F- 
von Herrmann. 

North Dakota.—The mean temperature was 10.8°, or 2.3° below nor- 
mal; the highest was 69°, at Berthold wy age hag the llth, and the low- 
est, 35° below zero, at Berthold Agency on the 3d. The average pre- 
cipitation was 0.22, or 0.29 below normal; the greatest monthly amount, 
0.67, occurred at Hamilton, and the least, trace, at several stations.— 
B. H. Bronson. 

Ohio.—The mean temperature was 32.8°, or about normal; the high- 
est was 71°, at Loganon the 9th, and the lowest, 7° below zero, at Syl- 
vania on the 23d, and at Leipsic and Wauseon on the 24th. The aver- 
age precipitation was 2.39, or 0.14 below normal; the greatest monthly 
amount, 4.96, occurred at McConnelsville, and the least, 0.90, at Belle- 
fontaine.—H. W. Richardson. 

Oklahoma.—The mean temperature was 36.6°; the highest was 81°, 
at Edmond on the 9th, and the lowest, zero, at Fort Reno on the 4th. 
The average precipitation was 1.01; the greatest monthly amount, 5.22, 
occurred at South McAlester, and the least, 0.03, at Purcell.—J. J. Wid- 


“Oregon. —The mean temperature was 38.9°, or above normal; 
the highest was 81°, at Dayville on the 28th, and the lowest, 4° below 
zero, at Burns on the 3lst. The average precipitation was 8.02, or 1.74 
above normal; the greatest monthly amount, 42.21, occurred at Glen- 
ora, and the least, 0.95, 2t Burns.—B. S. Pague. 

Pennsyloania.—The mean temperature was 33.0°, or 1.1° above nor- 
mal; the highest was 73°, at Cannonsburg on the 9th, and the lowest, 
6° below zero, at Franklin on the 23d and at Saegerstown on the 29th. 
The average precipitation was 3.95, or 0.86 above normal; the greatest 
monthly amount, 6.25, occurred at Hamburg, and the least, 1.28, at 
Reedsville.—7. Townsend. 

South Carolina.—The mean temperature was 47.6°, or about normal; 
the highest was 82°, at Trial on the 11th, and the lowest, 21°, at Hol- 
land on the Ist. The average precipitation was 2.40, or 1.15 below nor- 
mal; the greatest monthly amount, 4.11, occurred at Walhalla, and the 
least, 1.10, at Georgetown.—J. W. Bauer. 

South Dakota.—The mean temperature was 18.2°, or 4.8° below 
normal; the highest was 69°, at Ashcroft on the 9th, and the lowest, 
35° below zero, at Cherry Creek. The average precipitation was 0.53, 
or 0.25 below normal; the greatest monthly amount, 2.40, occurred at 
a, and the least, trace, at Fort Meade and Ipswich.—S. W. 

nn. 

Tennessee.-—The mean temperature was 41.5°, or about normal; the 
highest was 71°, at Dover on the 10th, and the lowest, 10°, at Silver- 
lake on the 24th. The average precipitation was 5.79, or about 2.00 
above normal; the greatest monthly amount, 10.97, occurred at St. 
Joseph, and the least, 3.23, at Elizabethton.—H/. C. Bate. 

Teras.—The mean temperature for the State during the month was 
5.8° below the normal. There was a general deficiency in all sections 
and thedeficit ranged from 2.7° to 12.1° over the panhandle and north 
Texas, from 3° to 9° over east, central, and southwest Texas, and from 
1.1° to 12.6° over west Texas and the coast district, with the greatest 
in the vicinity of Cuero. The highest was 87°, at Jasper on the 8th 
and 13th, and the lowest, 1° below zero, at Amarillo on the 3d. The 
average precipitation for the State during the month was 0.10 above 
the normal. There was a general excess over the eastern part of the 
State and a deficiency over the western portion. The excess ranged 
from 0.54 to 3.00 over east Texas, and from 0.12 to 4.29 over the east- 
ern portions of north Texas and the coast districts, except at Galveston, 
where there was a deficiency of 1.43. Thedeficiency ranged from 0.17 
to 1.76 over the panhandle, central, west, and southwest Texas and the 
western portions of north Texas and the coast district, with the great- 
est deficiency at Coleman. The atest monthly amount, 11.02, 
occurred at Colnenall, while none fell at Kent.—J. M. Cline. 

Utah.—The mean temperature was 22.7°; the highest was 68°, at Pinto 
on the 12th, and the lowest, 19° below zero, at Loa and Scipio on the 20th. 
The average precipitation was 1.16; the greatest monthly amount, 2.80, 
occurred at Huntsville, and the least, 0.06, at Loa.—J. H. Smith. 

Virginia.—The mean temperature was 39.5°, or slightly above nor- 
mal; the highest was 74°, at Ashland and Spottsville on the 11th, and 
the lowest, 2°, at Monterey on the 24th. The average precipitation 
was 3.39, or 0.31 above normal; the greatest monthly amount, 4.81, oc- 
curred at Burkes Garden, and the least, 1.75, at Goshen.—Z. A. Erans. 

Washington.—The mean temperature was 35.8°, or slightly below nor- 
mal; the highest was 63°, at Kennewick on the 8th, and the lowest, 
12° below zero, at Waterville on the 17th and 18th. The average pre- 
cipitation was 9.21, or 2.46 above normal; the greatest monthly 
amount, 29.20, occurred at Union City, and the least, 1.21, at Ken- 
newick.—G. N. Salisbury. 

West Virginia.—The mean temperature was 37.3°, or slightly above 
normal; the highest was 72°, at Nuttallburg on the 9th, and the lowest, 
4° below zero, at Beverly on the 25th. The average precipitation was 
4.00, or about 1.00 above normal; the greatest monthly amount, 6.79, 
occurred at Buckhannon, and the least, 2.05, at Uppertract.—H. L. Ball. 


| 
| 
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Wisconsin.—The mean temperature was 16.4°, or 4.5° below normal; 
the highest was 54°, at Milwaukee on the 10th, and the lowest, 29° be- 


low zero, at Osceola on the 2d. The average precipitation was 1.11, or | 


0.27 below normal; the greatest monthly amount, 2.69, 


occurred at 
Watertown, and the least, 0.10, at Spooner.— W. M. Wilson. 


Wyoming.—The mean temperature was 19.5°, or 6.5° below normal; 
the highest was 70°, at Wheatland on the 31st, and the lowest, 33° be- 
low zero, at Sheridan on the 16th. The average precipitation was 0.91, 
or 0.27 above normal; the greatest monthly amount, 2.14, occurred at 
Fort Washakie, and the least, 0.24, at Lusk.— W. S. Palmer. 


RIVER AND FLOOD SERVICE. 


By Park Morrit1, Forecast Official, in charge of River and Flood Service. 


The rise in the lower Mississippi which began in Novem-'| 


ber continued very slowly during the first three weeks of De- 
cember. During the last week of the month a sharper rise 
occurred, bringing the river to about its normal condition on 
the 31st at Cairo and Memphis. At Vicksburg the stage was 
still 8 feet below its normal height, but rising steadily. 

The upper Mississippi and Missouri were closed by ice at 
the end of the month, and there has been practically no 
navigation on them since the last of November. The Ohio 
remained open and navigation was good, with scarcely any 
ice. The large coal shipments of November down the Ohio 


were duplicated. The Arkansas and Red continue very low, 


although slight rises toward the end of the month enabled a 
partial resumption of navigation. 

During the last week of the month navigation was closed 
by ice in the Hudson. The navigable streams of the South 
Atlantic and East Gulf States have risen to fairly good 
stages and a marked increase in freighting has taken place. 

The highest and lowest water, mean stage, and monthly 
range at 114 river stations are given in the accompanying 
table. Hydrographs for typical points on seven principal 
rivers are shown on the chart, V. The stations 
selected for charting are: Keokuk, St. Louis, Cairo, Memphis, 
and Vicksburg, on the Mississippi; Cincinnati, on the Ohio; 
Nashville, on the Cumberland; Johnsonville, on the Ten- 
nessee; Kansas City, on the Missouri; Little Rock, on the 
Arkansas ;-and Shreveport, on the Red. 

The following résumé of river stages and conditions of 
navigation in the respective streams is compiled from reports 
by the officials of the Weather Bureau at various river 
stations and section centers: 

Hudson River. (Reported by A. F. Sims, Albany, N. Y.)—Heavy 
rains on the watershed during the early days of the month caused the 
Hudson River to rise 7.1 feet above mean low water by the morning of 
the 6th. The prevailing wind was from the north, and the river fell 
2 feet by the morning of the 7th. No ice was present in the river on 
that date. A dense fog overhung the valley during the mornings of the 
8th and 9th. On the 10th all up-bound boats from New York were de- 
layed in consequence of fog. On the 14th all streams in eastern New 
York were high, and a special warning to the effect that the Hudson 
would overflow its banks was made public. The river rose 20 inches 
in three hours at yy! during the 15th and flooded Quay street; on 
the 16th a stage of 10.5 feet above mean low water was reached; and 
by the 16th there was 1 foot of water on the lower streets south of 

ison Avenue. The Dean Richmond could not make her regular 
landing at Steamboat square, but tied - at the high dock at the foot 
of Gansevoort street. The river ran like a mill-race during the 16th, 
and the swollen current brought down huge masses of debris that had 
been piled up along shore. Merchants had prepared for such a freshet 
7 removing goods out of reach of water. Trains ran through a foot 
of water on Quay street during the afternoon of the 15th. At 9:45 
a.m. on the 15th there were 73 inches of water passing over the State 
dam at Troy, the highest record for December in many years. The 
millsin the northern part of Troy were partly shut down on account 
of high water. 

The Hudson receded and was within its banks by the 17th. On the 
20th the Dean Richmond \eft for New York City and navigation was 
brought to a close; the upper Hudson froze over on the 24th. The 
condition of the river for several days prior to its close was not favor- 


| Susquehanna River. (Reported by E. R. Demain, Harrisburg, Pa.)— 
The rainfall within the drainage area of the Susquehanna River was 
‘above the average and, being fairly well distributed through the 
month, the good stages of water in the streams at the end of November 
/ were maintained throughout the greater part of December, but a ma- 
jority of the stations report lower stages on December 31 than existed 
_at the beginning of the month. The conditions as to rainfall and the 
| quantity of water discharged differed materially from those of Decem- 
ber, 1896. Forthat month the average gauge reading of twelve stations 
| was 2.4 feet, and the average rainfall of sixteen stations 0.89 inch, 
_ while for December, 1897, the average gauge reading of fifteen stations 
was 3.2 feet and the average rainfall of sixteen stations 3.20 inches. 
The dates of the closing of streams are reported as follows: At Sinne- 
-mahoning, the 22d; at Farrandsville, the 24th; at Mifflin, the 25th; 
at Wilkesbarre, the 25th; and at Williamsport, the 25th. A sudden 
rise of 2.3 feet at Towanda on the 28th was supposed to be due to an 
ice gorge below, as no precipitation sufficient to cause such a decided 
rise was known to have occurred above this point. Slush ice appeared 
in the river at Keating on the 23d and at Harrisburg on the 24th, and 
continued running, in decreasing quantities, till the end of the month. 

Rivers of the South Atlantic States. (Reported by E. A. Evans, Rich- 
mond, Va.; C. F. von Herrman, Raleigh, N. C.; L. N. Jesunofsky, 
Charleston, 8. C.; D. Fisher, Augusta, Ga.; and J. B. Marbury, Atlanta, 
Ga.)—The volume of water in the James River and its tributaries was 
about normal throughoutthe month. The rainfall over the river basin 
while generally a little in excess of the average, showed no marked 
departures, and as the soil was not frozen a considerable portion of the 
downpour was absorbed. The water remained at about the zero of the 
gauge until the 15th, when general rains occurred over the basin, pro- 
ducing a rise to 1.5 foot on the following day. This was the maximum 
stage for the month. The river then declined slowly to its former 
level, which height it maintained with unimportant fluctuations during 
the remainder of the month. Navigation was unimpeded throughout 
the month, and, while some ice formed in shallow water above the 
falls during the last decade, it was not sufficient to be of conse- 

uence. With a normal amount of precipitation for the month, falling 
chiefly from the 2d to the 4th, 12th to 15th, and 19th to 22d, somewhat 
higher river stages were maintained in the North Carolina streams 
during December. Moderate increase in the volume of flow occurred 
about the 7th, 18th, 24th, and 28th. On the latter date the highest 
stage, 10 feet above the zero of gauge, occurred at Fayetteville, on the 
Cape Fear. The Cape Fear maintained a mean stage 2 feet higher 
than during November, while there was no increase in the mean stage 
of the Dan. There was very little formation of ice during the month, 
and has been practically no accumulation of snow in the mountains. 

Navigation on the streams of South Carolina during December was 
much improved over that of the preceding month. Though slightly 
deficient in amount, there was a uniform distribution of rain over the 
| drainage areas, which caused most of the streams to rise slowly, and 
| sufficiently for purposes of traffic, between the Ist and 24th. The wide- 
spread and copious precipitation of the 25th and 26th produced addi- 
tional rises, so that by the end of the month the streams had reached 
their normal heights, and navigation was fully resumed. A comparison 
with the season of 1896 shows that the resumption of navigation this 
year was twenty-seven days later than in 1896. The Pedee at Cheraw 
was unnavigable from the 5th to the 22d. 

The lumber season was at its height during the latter part of the 
month. There are thousands of cypress log and timber rafts lying 
along the banks of the streams awaiting favorable rises. A few light 
rafts were floated down the Pedee, the Little Pedee, the Waccamaw, 
and the Wateree, during the latter part of the month, but not with the 
success expected, for several rafts stuck fast in the shallow water oe 
the lower Black and lower Waccamaw rivers, and had to be pulled off 
by towboats. Twenty-three rafts of undressed lumber, the first this 
season, arrived at Charleston between the 14th and 2Ist from Edisto 
and other landings along the Edisto River. 


| While steamboat men and merchants are hopeful of business during 


able for a permanent winter freeze, as the waters swollen by the recent the coming steamboat season, yet the great loss occasioned by low water 
rains, had covered the various wharves that line both sides of the stream during November and the first part of December has proven a great set- 
and, at the time ice began to form, was too high to allow the dirt to) backtothem. Considerable cotton was transported by rail, which other- 
settle. The current was still rapid and the ice formed was lumpy, and wise would have gone by steamer. The steamboat companies report a 
barrier after barrier of drift ice found lodgment at various points along | great decrease in the fertilizer business this winter and a corresponding 
the river. Navigation on the lower Hudson closed on the 27th. | increase in the rice trade and in naval stores. 
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There was a marked deficiency of rainfall during the month over the 
greater portion of the Savannah watershed, but even with this shortage 
a much better boating stage was maintained than prevailed during the 
previous three months. The lowest gauge reading occurred on the 13th, 
and was more than sufficient for all navigation purposes, and no difli- 
culty was encountered at any time in making regular trips by the river 
boats. With little cotton remaining to be shipped and the merchants 
of Augusta pretty well stocked for the winter, only one boat was used 
for the poinenodetion of river traffic, the other regular steamer being 
withdrawn until the commencement of the spring trade. 

More than the normal amount of rain fell in the drainage basins of 
northwest Georgia, but, owing to a very dry condition of the soil, com- 
paratively little of the water reached the rivers, and low stages con- 
tinue. The rainfall in the middle and southern sections of the State 
was very light. The rivers are all below the boating stage, and no 
business has been done in that line. 

Mobile River and branches, (Reported by F. P. Chaffee, Montgomery, 
Ala., and W. M. Dudley, Mobile, Ala.)}—The Alabama River was too 
low for traffic during the first decade of the month, but heavy rains 
during that period caused a general and gradual rise in the — 
rivers, which was felt as far down as Selma by the 10th, after which 
well distributed rains at intervals of a few days caused navigable 
stages in the rivers of this system during the remainder of the month. 
On the 16th the first steamer since August 1 arrived at Montgomery 
from Selma and down-river points, and a large quantity of cotton was 
freighted by steamer between Montgomery and Mobile during the 
latter half of the month. 

The moderate, general rain, which fell on the 2d, caused rises in the 
upper Tombigbee. Heavy rains on the 3d and 4th maintained the rise 
to the 6th, when falls over the headwaters were noted, but the rise 
continued to the 8th from Demopolis to the Gulf. General and heavy 
rain fell on the 18th and 14th, but had only a slight effect on the river 
stages, as the changes were very small from the 14th to the 21st, when 
the heavy rain which occurred on the mornings of the 2st, 22d, and 
23d caused marked rises in the Warrior and Tombigbee rivers. A 
fall began on the 26th and continued to the close of the month. 

The rivers at all points got above the zero of gauge during the early 
part of the month and so continued, giving as a rule good navigable 
stages, and a large business was done by the boats. On each trip they 
brought to Mobile immense cargoes of cotton, being loaded to their 
fullest capacity, to return with merchandise for the people living in 
the upper country. 

Ohio River and minor branches. (Reported by F. Ridgway, Pittsburg, 
Pa.; H. L. Ball, Parkersburg, W. Va.; 8S. S. Bassler, Cincinnati, Ohio; 
8. P. Gresham, Louisville, Ky.; and P. H. Smyth, Cairo, Ill.)—The 
month of December was an exceptionally favorable one for navigation, 
a sufficient stage for packet traffic being maintained at all times on 
the Ohio, Alleghany, and Monongahela rivers, which were absolutely 
free from ice, except during the last few days of the month. There 
were two excellent boating stages which sufficed for the transportation 
of all the coal in the Pittsburg harbor and Monongahela river. The 
shipments of coal during the month were 10,560,000 bushels. During 
this period the Alleghany and its tributaries were also cleared of their 
timber product, all of which was run in — to the market at Pitts- 
—- About the end of the month the Alleghany showed a tendency 
to close with ice at various points which, considering its heavy output 
of ice generally, will prove beneficial to the Ohio River navigation. 
While the conditions have thus far favored navigation they have been 
correspondingly unfavorable to the progress of river improvement in 
this vicinity. With the continuation of open weather the heavy snow 
now covering the Alleghany and Monongahela valleys should main- 
tain the present water conditions for a considerable period. 

At Wheeling the lowest stage during the month, 6.2 feet on the 6th, 
was followed by a quick, light rise which continued until the 9th. The 
river began rising again on the 13th and reached a maximum stage of 
18.9 feet on the 17th. After this there was a slow fall to 6.9 feet dur- 
ing the ae days of the month. 

At Parkersburg excellent boating stages were had throughout the 
month, the range of water being from 18.0 feet on the 19th to 7.7 feet 
during the last three days of the month. Ice began running on the 
27th, and on the 28th and 29th was sufficiently heavy to impede navi- 
gation to some extent. 

At Cincinnati and Louisville there was a good, navigable stage of 
water during the entire month, and river business was active. An 
average depth of water of 8 feet obtained in the canal at Louisville, 
ranging from 6.0 feet on the Ist to 10.1 feet on the 23d. 

At Evansville from the Ist to the 20th the river alternately rose and 
fell every three or four days, making an uncertain stage with little va- 
riation. A rise from the upper river reached this point on the 20th, 
and a the subsequent five days the stage increased 9 feet. A fall 
set in on the 26th and continued at the close of the month. 

At Paducah and Cairo the river improved slightly during the first 
and second decades. During the night of the 2lst arise out of the 
Tennessee reached Paducah, starting the river up at that point. By 
the 22d combined rises out of the Cumberland, Tennessee, and upper 
Ohio were passing Paducah and Cairo. This rise continued at Padu- 
cah until the 27th and at Cairo until the 28th. At the close of the 


month the Ohio was falling somewhat rapidly from Evansville down. 
A good boating stage obtained at Cairo during the second half of the 
month. Large tows of coal from the upper river, bound for the south, 
passed Cairo on the 21st, 26th, and 30th. 

Tennessee and Cumberland Rivers. (Reported by L. M. Pindell, Chatta- 
nooga, Tenn., and H. C. Bate, Nashville, Tenn.)—General and heavy 
rain fell overthe Tennessee River basin from the 2d to the 4th, causinga 
rise which opened navigation on the 5th, but it was closed again on the 
9th. Light rain occurred at intervals from the 8th to 22d, which 
opened navigation again on the 20th. A good boating tide continued 
through the balance of the month, but at its close the river was falling 
with indications of a further closing of navigation. On December 6 
a fleet of rafts arrived at Chattanooga from the Clinch River. Light 
driftwood passed on the 2Ist and 23d, and heavy drift on the 22d. The 
activity on the water front was marked in comparison with what it had 
been for the past four months. The rivermen think that the condi- 
tions are favorable for a continued boating tide. 

The month opened with the Cumberland River low and navigation 
closed, but good rains on the 2d, 3d, and 4th were responsible for a 
material rise and the opening of navigation from the mouth of the 
river to Carthage and Celina. A rapid decline in the river shut off 
navigation above Nashville from the 10th to the 20th, when another 
good rain opened the river to the head of navigation long enough for 
one boat to make the trip. After the 24th navigation was closed above 
Celina, but the stage of water allowed one boat to leave for that point 
on the last day of the month. 

Mississippi River and minor branches. (Reported by P. F. Lyons, St. Paul, 
Minn.; M. J. Wright, Jr., La Crosse, Wis.; G. E. Hunt, Davenport, lowa; 
F. Z. Gosewisch, Keokuk, Iowa; H.C. Frankenfield, St. Louis, Mo.; P. 
H. Smyth, Cairo, Ill.; Emery, Memphis, Tenn.; R. J. Hyatt, Vicks- 
burg, Miss.; and R. E. Kerkam, New Orleans, La.)—The rivers of Min- 
nesota have remained frozen over during all of the month. The ice 
field in the Mississippi River in front of St. Paul was noted regularly 
at short intervals, and, judging from the rise and sag of the same, the 
average gauge reading for the month would be about 3.7 feet if it were 
possible to make gauge readings. Reports from commercial travelers 
and others justify the statement that there was little snow on the 
ground at the end of the month over the watersheds of the Minnesota 
and Upper Mississippi rivers. 

The Mississippi iver at La Crosse was completely closed on the Ist 
of December and remained closed during the entire month. Last sea- 
son the river was not closed until January 24, nearly two months later 
than the present season. The early closing of the river this season 
was due tothe low temperature which prevailed during the last four days 
of November, although the mean temperature for that month was nor- 
mal and 6° above the mean temperature for November, 1896. The 
mean temperature for December was 17°, which is 6° below the normal 
and 9° below the mean for December, 1896. These conditions have re- 
sulted in a good ice crop, the quality of which is said to be the best for 
several years. The ice harvest began on the 28th. There was a defi- 
ciency of 0.64 inch in the monthly precipitation, with 3.4 inches of 
snow on the ground at the end of the month. An ice road was laid out 
on the river between Brownsville, Minn., and La Crosse on the 7th, 
and has greatly facilitated travel and trade. 

From La Crosse to Leclaire the river was frozen during the entire 
month. At Davenport, though the river was more or less obstructed 
by ice, the ferryboat ran from the 10th to the 16th, and the ice did not 
stop running at the bridge until the morning of the 2Ist. The river 
remained open along the upper portion of the city until the 23d. On 
the 27th the ice was about a foot thick. At Muscatine, Iowa, the river 
was frozen from the 7th to the 13th, and again from the 16th to the 
end of the month. At Davenport the river was slightly higher than 
the average at the time of freezing, and the time of freezing was, 
perhaps, slightly earlier than usual, though near the average. 

A decided fall in the stage of the river at Keokuk was caused by 
anchor ice forming on the Des Moines Rapids, and on the 6th the river 
was reported closed by ice at Burlington, Iowa, causing very low water 
to continue throughout the month. Heavy, broken, gorge ice was run- 
ning at Keokuk on the 12th, and on the 16th the river was full of a | 
formed ice. The channel remained open until the night of the 22 
but the shore ice was 5 inches thick on the 20th. The river was closed 
at the end of the month with ice varying from 5 to 9 inches. 

During the month the waters in the rivers of the St. Louis district 
were subjected to frequent and irregular fluctuations, due to the effects 
of the ice gorges and blockades above. The tendency, where the rivers 
were open, was toward a general fall, but this was often interrupted b 
the formation of local blockades at various points. Thus, at St. Louis 
there was an extreme range of 3.9 feet, but from the Ist to the 31st the 
net loss of water was only 1.6 foot. The rise during the last few days 
of the month was probably due to a slight gorge reported below, at 
Wittenberg. Ice, either floating or gorged, was present in all the rivers 
during practically the entire month. It commenced running past Graf- 
ton, Ill., on the 2d, and was first noticed at St. Louis on the 6th, four 
days later than in 1896. Atthe end of the month the Mississippi River 
was practically blocked as far south as the mouth of the Missouri. The 


Illinois River was blocked at Beardstown on the 17th and at Peoria and 
Grafton on the 18th, and still remains in that condition. 
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Ice cutting commenced as far south as Quincy on the 2st and at 
Alton on the 22d, but was suspended as far north as Burlington a few 
days later, owing to softening of the ice caused by rising temperature. 
Navigation north of St. Louis was suspended on the 3d; from St. Louis 
southward navigation was practically suspended on the 18th. During 
the month the wreck of the towboat Dolphin No. 2, which was sunk by 
the tornado of May 27, 1896, was almost entirely removed by the 
United States Engineer Corps, and there is at the present stage of the 
river about 9 feet of water over the remaining portion of the wreck. 

From St. Louis to Cairo the river fell during the first decade of the 
month, followed by a slight rise until the morning of the 17th. A 
sharp fall set in on the 19th and continued until the 24th, bringing the 
river down to a lower stage than there is any previous record of. At 
Chester the gauge reading on the 24th and 25th was 1.9 foot below the 
zero of gauge. The previous lowest record at Chester was 1.8 foot 
below zero on January 15, 1892. At Chester the river was full of 
floating ice on the 5th and continued so until the 9th. A second run of 
ice commenced at Chester on the 18th and continued until the 2sth. 
Light ice commenced running at Cairo during the afternoon of the 
21st; filled the river during the night, and continued running until the 
night of the 24th. A second run of ice commenced passing Cairo on 
the 3ist. The ferry crossing the Mississippi between Cairo and Green- 
field, Mo., suspended on the 24th on account of ice. The last regular 
freight boat from St. Louis arrived at Cairo on the 4th. On the 12th 
and 18th small tows arrived from St. Louis. After the 18th navigation 
was entirely suspended between Cairo and St. Louis. Several steamers 
and towboats are still laid up at Cairo on account of low water in the 
Mississippi. 

Between Cairo and Helena the river remained at a moderately low 
stage with slight fluctuations up to the 22d. On that date the stage at 
Memphis was 5.1 feet, an increase of only 2 feet since the Ist. A rise 
coming out of the Ohio was first felt at Cairo on the 22d, and reached 
a maximum of 19.5 feet at that place on the 28th. This swell, which 
at Cairo amounted to 10.4 feet, caused a rise of 7.1 and 10.4 feet, re- 
spectively, at Memphis and Helena, and culminated at Memphis on 
the 3d day after the crest passed Cairo. By this rise the stage at Mem- 

his was increased to 12.4 feet, and that at Helena to 16.4 feet. This 
is a good boating stage, and is being taken advantage of by coal deal- 
ers in bringing down some large fleets of coal barges that have been 
held back by the low water. The monthly average stage for Decem- 
ber at the Memphis gauge was 5.5 feet, which is about 5.5 feet below 
the normal reading, and a lower average has seldom occurred. It was 
nearly 6 feet below the December average for 1896. Owing to the low 
water in the tributaries navigation on those streams was practically 
suspended during the month except to very small boats. 

Good boatable water was reported during the greater portion of the 
month between Helena and Vicksburg, and river tratlic, both freight 
and passenger, was very good during the month. Traflic on the upper 
White River was suspended at the close of the month. The rise inthe 
Mississippi put all sandbars under, and greatly benefited steamboats, 
which are still coming in heavily loaded with cotton. Many of the 
sandbars caused considerable trouble during low water, especially the 
bar in front of Greenville. Boats are having less trouble in unloading 
as the high banks are not so steep. Considerable drift passed down 
the Mississippi during the past two weeks. Good traflic was reported 
on the Yazoo and tributaries since about the 7th, when sufficient water 
had appeared to allow boats to cross the bar at the confluence with the 
Mississippi. Heavy rains afforded sufficient water forall river inter- 
ests on the Yazoo and its tributaries, the river rising above zero on the 
gauge at Yazoo City on December 3. At Vicksburg the river rose 
above zero on the 4th. 

The Mississippi between Vicksburg and New Orleans rose quite 
rapidly during the first and last decades of the month. Below New 
Orleans the fluctuations were not very marked, the range for the 
month reaching barely 2 feet. 

Missouri River. (Reported by L. A. Welsh, Omaha, Nebr.; P. Con- 
nor, Kansas City, Mo.; and H. C. Frankenfield, st. Louis, Mo.)—At 
and above Omaha the Missouri River and its tributaries remained 
frozen throughout the month. An average thickness of ice of about 10 
inches was maintained during the month at Omaha, the ice being 
thickest on the 18th, when a measurement showed 15 inches. The 
river froze at Plattsmouth on the Ist and continued frozen the re- 
mainder of the month. The Burlington and Missouri River Railroad 
Company did considerable filling and mattressing at the east end of 
the Burlington bridge in the earlier part of the month. Eight inches 
of snow on the ground were reported from that point on the 3d. The 
river was reported frozen throughout the month at St. Joseph, Mo. 

The Missouri River froze at Kansas City on December 5, and opened 
again on the 7th, remaining open until the 20th, when it again closed 
until the 26th, after which it was open until the end of the month, 
with a slightly higher stage than at the beginning of the month. The 
ice was thickest on the 20th, its thickness then being 5 inches. On 
neighboring lakes it was from 74 to 84 inches thick. 

_ Ice commenced running past Hermann, Mo., on the 2d. Temporary 
ice blockades occurred at Glasgow and Washington, Mo., on the 20th, 
and at Hermann on the 25th. The Osage River was also blocked at 


Bagnell, Mo., on the 22d. Navigation has been suspended on the 


lower Missouri since the 4th, and at the end of the month the river is 
blocked by ice at its mouth. 

Arkansas River. (Reported by J. J. O'Donnell, Fort Smith, Ark., 
and F. H. Clarke, Little Rock, Ark.)—The Arkansas River west of Fort 
Smith was below a navigable stage during the month, and continued 
about stationary until the 10th when precipitation caused a rise at Fort 
Smith from 0.9 foot on the 11th to1.9o0n the 12th, the river then falling 
until the 17th. Heavier precipitation caused a rise from 1.0 foot on the 
16th to 2.5 feet on the 18th, this being the highest stage during the 
month and since August 31. After this rise the river was generally 
falling slowly until the end of the month, the highest rise being 0.3 
foot on the 28th. 

The lower Arkansas River continued too low for navigation to the 
16th, when it had risen sufficiently to make navigation possible be- 
tween Little Rock and Dardanelle, but below Little Rock the river con- 
tinued low until the 26th, on which date the first boat from the mouth 
of the river reached Pinebluff. The lower river continued navi- 
gable the restof themonth. The average stage of the river was higher 
at Little Rock during the month than it has been since September. The 
river remained clear of ice throughout the month. 

Red River. (Reported by C. Davis, Shreveport, La., and R. E. Ker- 
kam, New Orleans, La.)— Moderately heavy rains in the watershed of 
the Red River from the 17th to the 2Ist caused the stream at Shreve- 
ce to reach and pass the zero of gauge on the 25th, it having been 
v»elow that point since the first week of September. Consequent upon 
these conditions, navigation was resumed to a considerable extent near 
the end of the month. Heavy local rains in the valley of the extreme 
lower Red at various times caused a few marked fluctuations in the 
gauge readings at Alexandria. The Ouachita River rose during the 
greater ~~ of the month, making navigation practicable during the 
last half of the month, and the stage at Monroe, La., was above 16 
feet during the closing days of December. 

Rivers on the Pacific Coast. (Reported by W. H. Hammon, San Fran- 
cisco, Cal.; J. A. Barwick, Sacramento, Cal.; and B. 8. Pague, Portland, 
Oreg.)—The rivers of California continued to fall slowly until the 8th 
when, owing to the rains on the 8th and 9th, there was a slight rise 
which reached its crest on the 9th. From this time to the end of the 
month the rivers fell slowly and stood at about the same stage on the 
Slst as they did on the Ist. 

wet oy to the lack of the usual rains the Sacramento River, at Sacra- 
mento, has remained comparatively low. Its stage was 10 feet at the 
beginning of the month, remaining nearly stationary to the 8th. A 
rise then set in, reaching a crest of 14.5 feet on the 9th, and afterward 
falling slowly to 10.3 feet at the close of the month. Low water at 
this point in December is not unusual as may be seen from the follow- 
ing tabular statement of December low waters : 


Low waters in December at Sacramento, Cal. 


Year. Stage. | Year. Stage. 
Feet. | Feet. 
1880 7.6 | 1886 7.8 
1881 7.7 1887 7.5 
1883 7.0 1891 7.4 
1884 7-5 | 1094 9.2 


The Columbia, Snake, Willamette, and tributary rivers had nearl 
normal stages during the month. Owing to the influence of shinee 
winds on the 5th to 10th, and 26th to 29th, the rivers hada rise. From 
the 12th to 15th there was some danger of the lower docks in Portland 
flooding, but the river fell. During the second chinook, which was 
accompanied by heavy rain in western Washington, the small streams 
in that section rapidly flooded and much local damage was done, 
especially to railroad property. Navigation on the Willamette, from 
Portland 140 miles south, upon the Columbia, and upon the Snake was 
uninterrupted. There has been no freeze-up yet east of the Cascades, 
except in northern Idaho and northeastern Washington, and boats 
were in regular service. 


Heights of rivers above zeros of gauges, December, 1897. 


ou | 
2. Highest water. | Lowest water. 
ZEE |Height.| Date. |Height.| Date. | | 
r=) = 
Mississi River. Miles | Feet Feet. Feet. Feet.| Feet. 
Reeds Landing, Minn.... 1,887 12 1.0 22 0.2 4,10, 0.6 
La Crosse, Wis.t... «+... | 1,822 
North McGregor, Iowa..| 1,762 18 3.1 15-17 1.8 4/ 2.5 1.3 
Dubuque, lowat.........| 1,702 15 |..... eves 
Davenport, Iowa®*....... 1,596 15 4.3 20 | — 0.5 22 4.8 
Keokuk, Iowa ”.......... 1,466 14 0.3 17 | — 2.0 6 |—0.4 2.3 
Hannibal, Mo...... 1,405 17 1.8; 29-81) —1.4 6| 0.5 8.2 
Grafton, 1,307 23 5.2 | 31 0.1 9,10 | 2.5 5.1 
St. Louis, Mo........ 1,264] 30 3.5 | 1|—0.4 24| 1.0) 3.9 
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Heights of rivers above zeros of gauges—Continued. — Heights of rivers above zeros of gauges—Continued. 
& | Highest water. Lowest water. g = Highest water. Lowest water. $ 
| |Height. Date. Height. Date. | 25 eight. Date. Helght. Date. | 3 
eons Be River—Cont'd Miles, Feet. Feet. | eet. Feet. Feet. Clinch River. | Miles. Feet.| Feet. | Feet. Feet. Feet. 
Il. . 30 1.8 —0.4 3.7 8 Ferry, Va......... 156 20 1.5 23 —0.7 01; 
Cairo, 1,073 40 19.8 6.9 7 10.7 12.4 Clinton, Tenn .........--. | 7.0) 3 20 1,2; 39! 5.0 
Memphis, Tenn | 12.2 | 8.2 1 5.5 9.0) River. | 
Helena, | 967 44 16.4 31 3.3 | 1 6.7 13-1 Mount Carmel, Ill ..... 50 15 7.4 20,21 22 11; 4.1 5.2 
Arkansas City, Ark...... 65 | 42 14.6 31 1.5 1 5.5 18.1) ed River. 
Greenville, 595 40 11.1 31 1.3 | 1, 43 9.8 Arthur City, Tex........- 688 20 2.1 13,1418 2.5 1.5 
Vicksburg, Miss .......- 474 41 7.9 31, — 0.8 | 3.7 8.7 Fulton, Ark 565 2s 31 1.0 1-10; 2.1 3.6 
New Orleans, La ........ 16 «4.1 5,6 3.1  1.8| Shreveport,La............ 49| 18. 31 — 2.1 5-10 3.9 
| Atchafalaya payee. 
Dardanelle, Ark.......... 20 2 26 19/—0.6 1,5-12 0.6 3.2 
Moines River. | Yazoo City, Miss.......... 90) 2% 11.5) —2.1 1,2 5.9 13.6 

Missou ver. | = 
Bismarck, N.Dak....... 1,91, 4 46 35 1.9 Albany,Ga............... 32 21 
Pierre, 8. Dak. .....-- 1,006 Fa Cape Fear River. | yoo! 100 8 3.0 “| 51! 7.0 
St. Joseph, MO. 873) 10) 0.7) | — 2.7 6-8 3.4 Umatilla, Oreg 270; 58 £41214 40) 242% 50 18 
Kansas City, Mo. 2.0 7,.8| 3.5 38.2) The Dalles, Oreg.......... 166 | 40 5.9 6 7.9 41 
Boonville, 191 oO 4.5 1 0.9 20/| 2.6 3.6) Willamette iver. | 
Hermans, Mo. .... | 1 —3.6 22 -—2.3 29 Albany, Oreg............. 9) 17.5 24,25 10.4 11.5 

Ohio River Portland, Oreg ..... 14,15 6.0 (0.2) 
Pittsburg, Pa............ 06, 13.7 8.4 31) 7.2 10.3) Edisto River 
Davis Island Dam, Pa... 90 2% 13.7 17| 5.5 5,31| 8.5), 8.2/ Edisto,S.C ............. 6, 3.8 310.8 16 #28 1.5 
Wheeling, W. Va. -... 87 86 17| 632 10.6 12.7] James River 
Parkersburg, W. Va..... 785 35 18.0 19, 29,30) 11.6 10.3 Lynchburg. Va 1.7 16 —0.1 1,2 0.7 1.8 
Point Pleasant, W.Va... 708 36 19.1 2) «66.6 3112.2 12.5 | chmond,Va..... | 290] 28] 1.5 16 —0.1 24 03 1.6 
Catlettsburg, Ky ........ 3) 9.0 31 15.0 13.8 | 
Portsmouth, Ohio ....... 612 50 3.2 10.2 31 15.7 Montgomery, Ala........ 3 —0.7 2 22 6.0 
Cincinnati, Ohio......... 499 4 22) 12.0 17-8 13.5) Selma, Ala.......... 3% «6.0 — 1.6 23; 7.6 
Louisville, 967) 10,1 «6.0 1/80 41 Coosa River. 

Tombighbee River. 
weer River. | me | 1.2 27! 4.9) Columbus, Miss.......... | 235 | 11.5) — 3.6 5.0 1 
| Demopolis, Ala........... 155| 35| 27.4 —2.1 1,2 11.4 29.5 

onemau wer. 

Bank | 
Brookville, Pa. 12; 1.0 1.7 1.5 Kingstree, | 6) 12 5.3 | 31 | 2.4 3.4 «2.9 
eaver wer. | 
Ellwood 4 3.6 (0.1 7-10) 1.1) 38.5 10; 6) 1.7) 31 | 0.2 1 | 07, 1.5 
Burnside, Ky 11.8 0.2 1.2 27 11.6 8. 35 12 5.7 | 28 | 3.3 1 4.0 2.4 
Cart enn. | ‘ 5 omac 
reat Kanawha River. | 
Charleston. 8.0 3.7 29, 30 4. 155 | 12 0.1 |3-21,27-81 0.1 0.3 
ver. Sacra eer. =| 
Hinton, W. Va....... 95 | 38.0 23) 12 1.8 1.8) Redbluff, Cal ......... 41) 7.2 0.4 1,2, 6.8 

Licking River. Sacramento, 13, 9.7 6.2 

Falmouth, Ky. ......-.- 6.5 21 1.8) 18,14) 29 4.7 Santee River. 
i St. Stephens, S. C........ 12 1.4 3.2) 4 
Dayton, Ohio ... 3.4 18 1.1 29, 19, 23 Congaree River. 
nongahele er. Columbia, 8. C........... 23 12 311.6 
Weston, W. Va......-+ 161) 18 5 —1.0| 10,11| 1.2 10.6 Wateree River. 
Fairmont, W. Va........ 119 2% 10.5 6) 141 3.7 9.4) Camden, ....... «6.0 3.0 18 4.1 3.0 
Greensboro, Pa........ 81 18 17.0 5 7.7 3,4,13,14| 98 9.3 Savannah River, 
Lock No. 4. Pa. 6 10.6 13.4) Augusta, Ga 1390; $2, 7.9) 1 5.9 13 ned 2.0 
hanna River. 
Rowlesburg, W. Va-.... % (80 2.5 23) 4.1) Susquehanna 2-6, 11- 
| | | wilkesbarre, 4) 9.0 17,18 3.0 45. 6.0 
Confluence, Pa........ 10' 5.6 5 1.8 3.3 3-8 Harrisburg, Pa.......... -| 7 17 8.2 8) 2.5 31, 4.6 5.7 
West Newton, Pa........ 15 BS £65 6 0.8 4| 2.4 5.7. Juniata River. 
Muskingum River. Huntingdon, Pa ......... 9) 4) 6.0 5 3.5 24 4.0 2.5 
70) 9.6 68) 410,11) 7.8 28) W. Brof S na. 

Tennessee River. | 20 7.7 17) 2.0 3 #843 «5.7 
Knoxville, Tenn......... 614 2 35 23,2) 0.5 2,3/ 1.7 3.0| Waccamaw River. 
Kingston, Tenn ...... 2) 0.0 1-3/| 1.3, 5-0) Conway,8.C...... Fi 3 0.4 12,13,18 1.0 1.8 
Chattanooga, Tenn...... 40 «(1.0 1/ 92) 

2 16) | — 0.2 2.9 * Distance to Gulf of Mexico. + Frozen. *Frozen, 21-31. Frozen, 23-31. 
Johnsonville, Tenn...... of 21: 13.3 25, 26 0.0 1,2! 5.2/ 13.3 ¢ Frozen, 5,6,20-25. ¢No observations, 17, 18 


SPECIAL CONTRIBUTIONS. 


A PRELIMINARY DISCUSSION OF CERTAIN CYCLICAL 
CHANGES IN INDIA. 


By W. L. Datxas, Simla, India (dated December 8, 1897). 

In the Indian Meteorological Memoirs, Vol. VI, it was 
shown by the author, and in a later volume of the same mem- 
oirs, by Mr. E. Douglas Archibald, that the effect on the 
course of barometric pressure of the periodic changes in/the 
number of solar spots is to occasion a real variation in pres- 


sure of sufficient magnitude to enter into the discussion of 
the secular variations of weather. Having reached this con- 
clusion, and it being evident both from present watching as 
well as from past records of weather, that the sun-spot influ- 
ence alone was insufficient to account for the weather varia- 
tions which are on record, it appeared to the writer desirable 
to carry the investigation. a step further, and by eliminating 
the solar-spot influence to see whether there would then ap- 
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r in the pressure curve other secular changes which would 
still further explain the recorded variations in the amount of 
rainfall, etc., in India. 

The only places in India for which long series of pres- 
gure observations exist are the presidency towns of Bombay, 
Madras, and Calcutta. The annual mean pressure observa- 
tions for these three centers are given below, together with 
each year’s variation from the average of the whole: 


II.—Annual variations arranged in 11-year series—Continued. 
MADRAS—Continued 


TaBLE I.—Annual mean barometric pressure and variations from normal. 
Madras. Bombay. Calcutta. 
Year. 
Pressure. | Variation. Pressure. Variation. Pressure. Variation. 
Inches. | Inch. | Inches. | 
186... 856 | 29.800" 
1847 —,009 | 
—"008 1805 | 
819 —.024 
"835 —"008 808 004 
[8385 —_008 ; 
“847 “004 805 07 
008 781 | 003 
852 “009 “808 —.004 —014 
—014 "761 — 023 
‘874 “031 “832 | ‘011 
=| ts| S| 
"824 —.019 ‘814 $.002 “790 "006 
1826 | —.017 795 —.017 | | 
“839 —001 776 —!008 
848 800 —012 “804 ts 
"329 —014 "801 —011 —_007 
|  t:008 ‘for | 
"831 —.012 “807 —.005 —. 008 
| 4.080 “O18 | 
‘$34 — 009° ‘818 "006 "781 
858 +015 +.001 
—.008 +. 008 +.010 
"851 "819 ‘771 —013 


In order to ascertain what portion of each of these varia- 
tions was attributable to the variations in the number of the 
solar spots the following table was constructed, giving the 
annual variations in 11-year series for Madras, Calcutta, and 
Bombay, respectively. 

Tasie II.—Annual variations arranged in 11-year series. 


MADRAS. 
~ 
Inch. Inch. Inch. Inch. Inch. Inch.| Inch. 
1841 |\—.008 | 1852 +-.004 | 1863 |—.011 | 1874 |—.007 | 1885 +.021 | 1896 |+-.008 Tes 
1842 |—.007 | 1853 +.005 | 1864 -081 | 1875 |\—. 008 | 1886 |—.005 | ..... be rehatraia . 0082 
1843 |+-.003 | 1854 +-.001 | 1865 .022 | 1876 |—.008 | 1887 |—.009 
1844 |—.004 | 1855 T 1866 .002 | 1877 1888 |+-.015 OV 
1845 1856 .006 | 1867 -012 | 1878 | 1889 |—.008 +. 0060 
1846 -013 | 1857 1868 |+-.010 | 1879 |—.014 | 1890 |—.006 | | 
1847 |—.009 | 1858 .015 | 1869 |—.019 | 1880 |—.004 | 1891 |+.013 |...... peduaed —.0008 


Inch. Inch. Inch. Inch. Inch. Inch. | Inch 
1848 —.008 | 1859 |+-.007 | 1870 |—.029 | 1881 |4-.008 | 1892 |—.018 |......)....00 —.0090 
1849 |—. 024 | 1860 |—.008 | 1871 |—.007 | 1882 |—.012 | 1898 |—.008 —.0108 
1850 |—.008 | 1861 |—.014 | 1872 |—.017 | 1883 |—.002 | 1894 |—.010 |......).....5. —.0102 
1851 |—.008 | 1862 |—.014 | 1873 —.004 | 1884 |-+-.020 | 1895 |-++-.004 — .0004 
CALCUTTA. 
1863 |—.024 | 1874 |+.005 | 1885 |+-.016 | 1896 |\—.013 | —.0040 
1853 |—.013 | 1864 | 1875 |—.008 | 1886 |4-.006 0010 
$0 1854 |—.008 | 1865 -+.018 | 1876 |\—.009 | 1887 |—.008 0007 
1855 |+-.004 | 1866 --.004 | 1877 1888 |-+-.001 |..... . 0132 
1856 |—.005 | 1867 |+-.021 | 1878 |4-.020 | 1889 | .000 . 0090 
1857 |—.014 | 1868 |-+-.021 | 1879 |—.007 | 1890 |—.008 0020 
1858 | 1869 |+-.006 1880 1891 |+-.010 
1859 |+4-.008 | 1870 |—.011 | 1881 | 1892 |—.016 —. 0080 
Soeceebbesdas 1860 —.020 | 1871 |—.008 | 1882 |—.008 | 1893 |+-.010 |..... |.......) —- 0065 
1861 |—.023 | 1872 |4-.003 | 1883 |—.010 | 1894 |\—. O11 |......|......./ —,0102 
1862 |—.017 1873 —.008 | 1884 |+-.008 | 1895 |4-.005 |......).......| —.0080 
BOMBAY 
ee BRK 1852 —.007 | 1863 —.020 | 1874 —.002 1885 |+-.014 | 1896 |-+-.007 | —.0016 
1853 |+-.002 | 1864 |+-.020 | 1875 |—.004 | 1886 |—.008 |.... 0038 
.-| 1854 008 | 1865 |—.001 | 1876 1887 |+-.006 |.. . 0002 
| 1855 |+-.012 | 1866 (+-.010 | 1877 |+-.034 | 1888 |+-.020 - 0190 
| 1856 —.006 1867 |+-.012 | 1878 —.012 | 1889 |+-.006 |......|...... . 0000 
1846 —.003 | 1857 \—.004 | 1868 1879 |—.011 | 1890 +-.0016 
1847 —.015 | 1858 000 | 1869 +-.002 | 1880 1891 0030 
1848 - 007 | 1859 | -000 | 1879 —.015 | 1881 -008 | 1892 |—. 022 |...... pesesee —.007 
1849 —.014 1860 —.008 | 1871 —.007 | 1882 |—.005 | 1893 |+4-.003 —. 0062 
1850 —.004 | 1861 —.015 1872 |—.017 | 1883 | .000 | 1894 |—.008 |......|....... —.0078 
1851 1862 —.029 | 1873 |—.001 | 1884 |-+.015 | 1895 |+-.007 —.0048 


The variations differ somewhat for the three different sta- 
tions, the curve for Calcutta being less distinct and less regu- 
lar than those for Madras and Bombay. It may be men- 
tioned here that for each of the three stations the pressure 
variations were also determined corresponding with the exact 
number of the sun spots for each year, using both the maxi- 
mum and the minimum years as the bases, but it was found 
in the end that the most regular and symmetrical returns 
were obtained from the simple 11-year cycle. 

Table III gives the pressure variations for the 11-year 
periods for the three stations combined, and, by changing the 
signs of the variations, as is shown in the last column of the 
table, these departures become changed into the corrections 


which it is necessary to apply to each year of the different 
series in order to eliminate the sun-spot effect from the curve 
of pressure. 
Tas_e ITI. 
Inch. Inch. Inch. Inch. | Inch. 
1841-62-68-74-85-96 -0018 | —-0016 | —.0040 | —.0015 | +..008 
| +-.0007 | +. 
+-0182 
0090 
—"0020 


Table IV gives the actual annual poem for each year 
for the three stations combined, and also the annual pressure 


*\/when the corrections for the solar-spot cycle, as given in 


the last column of Table III, have been applied. 
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| 

| | 

| 

—. 0008 -+-. 0030 +. 0017 | 0023 —. 002 

—.0072 —.0030 —.0064 +-. 006 

—. 0062 —. 0065 —. 0078 .008 

1850-61-72-8B-O4 —.O102 —.0078 —. 0102 —. 0094 009 

. 00048 —.0048 —.0030 —. 0027 003 
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Taste I1V.—Mean pressure of the three stations, Madras, Bombay, and 
Caleutta, and, also, as corrected for the 11-year cyele. 


2 | sig sit 
oe 2s 
Year. Year. ES Year. 
= = | = = = = 
Inches.| Inches. Inches. Inches. Inches.| Inches. 
835%) 29.807 || 1860........ 801 29.809 | 1879........ 29. 29.801 
| 1861........ -796 | .805 || 1880........ 816 
839%, 1863... ... -705 | .707 || 1088........ 
1845. .818 | 1864....... | .882 || 1888........ 809 .818 
.817 || 1865........ | | 1884........ 827 
-816¢| .799 | 1866........ .818 | .802 || 1885........ 830 832 
1848... =. 811 || 1867........ | .823 1886 ....... -812 
1849... .800+ 802 1868........ -831 | || 1887.. .810 
816 | 1869..... .. .809 | .807 || 188B........ .809 
816+} | 1870... .... -795 | .801 |] 1880........ 814 809 
ose. 8131871... .806 | .814 || 1890........ 809 808 
| || 187%........ -808 | .812 || 1801... .... 826 | 
-810 | | 1873....... | .812 || 1898.. | 
1855... | | 1874........ | || 1898........ 824 
811} .806 || 1875........ 806 | |) 1804....... 805 814 
.810 | .809 | 1876........) .809 | 808 | 1895........ .818 821 
1858... || 1896 ....... 814 816 
-818| .824 || 1878 ....... | 812 


*Means of Madras only. t Means of Madras and Bombay only. 
Since the annual mean pressure of the whole series is (see 
Table I) for— 
Madras, 29.843 (a); 
Bombay, 29.812 (6); 
Caleutta, 29.784 (¢); 


and since otete = 29.813 (d); 


+b 


therefore, (a) alone is 0.030” higher than (d) and is 0.015” 


higher than (d). 

Thus, the Madras means for each year 1841 to 1845 require 
a correction of —0.030" to reduce each to the equivalent mean 
of the three stations, and the combined means of Madras and 
Bombay for each of the years 1846 to 1852 require a correction 
of —0.015”. These corrections have been combined with the 
sun-spot correction in obtaining the third column of Table lV, 
and the following diagram shows these figures graphically: 


2979 T 


Fie. 1.—Indian pressure curve, corrected for sun-spot variation as 
derived from 11-year period. 


The curve, thus corrected, shows a complicated course, and 
is obviously composed of numerous small oscillations. At 


this stage of the investigation it was suggested to me by Mr. |} 


Eliot that it would be interesting to treat the Mauritius | 


pressure curve in the same manner. Therefore, the annual |} 
pressures for Mauritius were corrected for the 11-year cycle, |} 


and the results obtained are shown graphically in the accom- 
panying diagram: 


ove 


8 8 


Fie. 2.—Mauritius pressure curve, corrected for sun-spot variation 
derived from 11-year period. 


For the period 1853 to 1870 there is no information as to 
the data from which the means for Mauritius were derived, 
but from 1871 onward the hours of observation are given, 


and it is thus possible to obtain correct values of barometric 
pressure. It is obvious that the figures of the earlier years 
of the series are not comparable with those after 1870, but 
the latter were sufficient to show that there existed a 9-year 
period in the pressure variations at Mauritius, and this gave 
a clew to what appears to be a similar manifestation in the 
records of mean pressure over India; the course of the Indian 
pressure curve is, however, generally the reverse of that pre- 
vailing at Mauritius. A careful inspection of the Indian 
curve shows that the crests of the 9-year cycle occur in the 
years 1841, 1850, 1859, 1868, 1877, 1886, and 1895, and starting 


with these years the following table has been constructed. 
TasLe V.—Indian pressures arranged in 9-year cycles. 
Inch Inch. Inch. ea Inch. | Inch, Inch. Inch. | Inch. 
1841 1850) -+-. 008 1859 +.011 1868 +. 017 1877 +. 025 1886 —.003 1895 +.008 --.008 —.008 
1842 1851|—. 009 1860|—. 004 1869 —. 006 1878 —.001 1887 —.0083 1896 +.003 —.004 +-.004 
1843 |+.002/1852| 1861|—. 008 1870 —. 012 1879 —. 012 1868 —.004 ..../...... —_006) 
1844 — . 020) 1853|—. 004)1862!—. 017 1871/+-. 001 1880 +-.001 1889 —.004 ....)...... —- 007) +-.007 
1845 |-+-..005 1854 —. 004) 1863|—. 016) —. 001 1881 +. 012 1890 —.002) +. 002 
1846 |-+-. 004 1855|—.004 1864 +.019 1873 —.001 1882, .000 1891 -+.013... — 005 
1847 —. 014 1856) —. 007|1865) +-.012 1874 +-.001) 1883 +. 005 1892 —.013 .......... —-003) 4.003 
$48 —..002 1857) —. 04/1866) —. 011] 1875|—. 0091884 +-.017 1893 4.010 ....)...... 
| 


Table V show 
a maximum pressure variation in the 1841 series, or the 
first year of the 9-year cycle; a fall to a minimum in the 
fourth year of the cycle; then a rise to the sixth year, when 
marked irregularity occurs; a fall in the seventh year; and, 
finally, a rise again to the maximum in the first year. Re- 
versing the signs of the variations a correction is obtained 
which, applied to the different years, removes this cycle from 
the pressure records. The following table, VI, shows (1) 
the crude barometric annual averages for the three stations 
combined and the variation of each annual average from the 
normal; (2) the mean annual pressure of the three stations 
combined after being corrected for the influence of the 11-year 
cycle; (3) the variation of each year from the new normal ; 
(4) the mean annual pressure of the three stations combined 
after being corrected both for the 11-year and for the 9-year 
cycles; (5) the variation of each year from the last normal. 


Taste VI.—IJndian pressures corrected for cyclical variations. 


| Means 


| 
Crude | corrected | 
Year. means. Variation. for 11-year Variation. Variation. 
cycles. 

Inches. Inch. Inches. Inch. Inches. | Inch. 
9.805) —.007 29. 807 —.006 | 29.799 | —.014 
816 | +.004 815 +.002 | 821 
-809 —.003 793 —.020 | 800 —.013 
cas 823 | +s +.005 | 
‘818 | 006 ‘S17, +004 ‘812 —_001 
ven -801 —.011 | —.014 | 802 —.0n 
805 | —.007 | —-002 | 811 —.002 
—. 018 802 | —.-009 - 799 | —.014 
807 | —.005 | 816 +.003 | S08 —.005 
“S01 —.011 | — 009 808 — 005 
811 —.001 819 +006 
—.001 809 —. 004 816 +-.003 
810 —.0n2 —.004 811 —.002 
+.013 809 | —. 004 804 —.009 

811 —.001 | 806 —.007 809 | —.004 
810 —. 002 | —.004 809 —. 004 
SIT) +.005 815) S12 —.001 
hs 818 | + .006 | 824 | +.009 S16 | +-.003 
7% | —. 016 —, 008 S11 | —. 002 

834 +.022 | 832 +.019 «827 +.014 
backs +.014 | 825 +.012 828 +.015 
-831 +.019 830 822 009 
809 —. 003 OT —. 006 -811 —. 002 
-7% —.017 801 —.012 807 —. 006 

—.006 -814 +.001 tor 


DeceMBER, 1897. 


MONTHLY WEATHER REVIEW. 


535 


VI.—Indian pressures corrected for cyclical variations—Continued. 


Means corrected 

Crude correc , 

Year. means. Variation. ear Variation. Variation. 
cycles. 

Inches Inch. Inches. Inch. Inches. Inch. 
29. 809 —. 003 29.812 -—.001 807 —.006 
1874... -812 . 000 .814 +.001 .817 004 
809 —.003 808 —.005 —.008 
854 +. 042 838 +025 +.017 
+-. 005 -812 —.001 . 816 +-..003 
1879. . 802 —.010 —.012 807 —. 006 
. 805 —. 007 -813 . 808 — 005 
. 809 —.008 .818 +-..005 | 821 008 
+.015 830 Toe . 8380 
830 +. 018 . 882 .019 - 829 .016 
.812 . 000 —. 003 802 —.O11 
.811 —.001 .810 —. 003 -++.001 
825 . 809 —. 004 | 815 +. 002 
cc .814 002 - 809 — - 816 +-. 0038 
1890. —.008 808 —.005 | —.008 
828 +.016 826 -+-.013 | +.008 
794 —.018 —.013 | 803 —.010 
-816 +-.004 +.011 | +.011 
805 —. 007 .814 -+-.001 -811 —. 002 
. 818 +. 006 821 +. 008 
-814 -+. 002 + .003 820 +. 007 


Table VI shows that in India the extreme amplitude of the 
pressure oscillation in the case of the crude means is 0.061, 
in the case of the means corrected for the 11-year cycle 0.045, 
and in the case of the means corrected for both cycles 0.031. 
This diminution in the amplitude of the oscillation with each 
successive correction, though not a proof of the correctness of 
these two cycles, is yet a substantial addition to the arguments 
in their favor. The concluding column of variations exhibits 
a marked excess of pressure in 1864 and 1865, and again in 
1884 and 1885, but there is no similar excess shown in 1844 
and 1845, so that as far as can be judged at present the varia- 
tion is not one which can be anticipated each twenty years, 
but would appear on each occasion to have been due to local 
causes, as, for example, heavy snowfall in the Himalayas, etc. 
Beyond this single coincidence the variations give no indica- 
tion of the march of any other cycle of change. The depar- 
tures are small; they exhibit rapid changes of sign, and the 
only point about them worthy of note appears to be the gen- 
eral tendency to excess during the past thirty years, and a 
general tendency to deficiency in the first twenty years. In 
addition there is an instance of decided excess in the year 
1877, but this excess, though, as a matter of fact, accom- 
panied with very large meteorological variations in India, also 
appears to have been an isolated occurrence, probably also 
attributable to local causes. The year 1877 was a year of 
maximum positive variation in the 9-year cycle, and the nor- 
mal excess of pressure was intensified by independent causes. 

The investigation, so far as it has proceeded up to this 
point, shows that the series of combined pressure observa- 
tions of the three stations, Bombay, Madras, and Calcutta, 
exhibits two cycles of change, viz,a cycle of eleven years 


(perhaps agreeing with the changes in the number of spots}; 


on the solar surface), and a variation agreeing with a 9-year 
period. These two sets of variations are shown in Table VII. 


Taste VII.— Cycles of departures from normal barometric pressure. 
11-year cycle. 9-year cycle. 
Inch. Inch 

—-O0015 | Ist year 008 
coves: +-.0020 | 2d year............ —.004 
4th year —. 007 
6405040 5408006005 | Sth —. 002 
0023 | 7th year —.003 
—.0078 | Oth year... +. 008 

year ........ —.0027 

Rev——3 


Finally it has been shown that when the above variations 
have been applied as corrections to the annual pressure val- 
ues the amplitude of the pressure oscillation is very mate- 
rially diminished, and that the residual variations exhibit no 
further sign of cyclical change during the period under dis- 
cussion. 

The next step in the investigation is to attempt to connect 
these periodic changes in pressure with the records of weather 
in India. In the Famine Commission Report, on page 34, 
there is given a table showing the rainfall at Madras for the 
years 1800 to 1878, and to this I have added the annual rain- 
fall for the subsequent years up to 1896. The objections to 
the employment of the records of a single station for the 
purpose of showing the connection between pressure and rain- 
fall are sufficiently obvious to every one. The following re- 
marks by the late Mr. Pogson, C. I. E., government astron- 
omer at Madras, may, however, be quoted to illustrate the 
difficulties which must be faced. The year 1877 over India 
generally was one of disastrously deficient rainfall, yet in 


oo | Madras “in 1877 a purely cyclonic rainfall in May added 21 


inches abnormally to the annual amount, and a similar quan- 
tity in November was also chiefly cyclonic. Deducting these 
amounts the register for the year would have been 24 instead 
of 66 inches.” With this caution the process of connecting 
the march of the two elements will now be proceeded with. 
Table VIII gives the table of rainfall mentioned above. The 
first, fourth, and seventh columns give the years; the second, 
fifth, and eighth, Wolff’s relative number of sun spots; and the 
third, sixth, and ninth, the annual rainfall at the Madras ob- 
servatory. Attached to each figure giving the rainfall is a 
number (1 to 9) which shows the position of the year in the 
9-year cycle. 


Tasie VIII.— Wolff's relative numbers for sun-spot frequency and the an- 
nual rainfall in inches and tenths at Madras Observatory. 


| | | 
Year. | BE | || Year. | Year. 
eso 3 | a> = = 
| a | & 
1800....... 15.3 (5) || 1888...... 8.5 | 37.1 (2) | 1866...... 16.3 | 51.4 (8) 
34.0) (6) | 1834...... 13.2 | 39.0 (3) |) 1867...... 7-3 | 24.4 (9) 
55-0} (7) || 1885...... 56.9 | 41.5 (4) |) 1868...... 87.3 41.4 (1) 
1808....... 71.2 66.1 (8) | 1836...... 121.8 | 44.8 (5) || 1869...... 73.9| 32.3 (2) 
73.1 | 31.1 (9) || 1887...... 138.2 | 49.3 (6) | 1870..... 139.1} 74.1 (3) 
1805. . 47.6 | 31.2 (1) || 1888...... | 108.1 | 52.3 (7) || 1871...... 111.2) 56.4 (4) 
1806. ...... 28.9 | 61.5 (2) || 1889...... 85.8 | 53.1 (8) || 1872...... 101.7 | 73.7 (5) 
9.4 14.3 (3) |) 1840..... 63.2 | 58.7 (9) || 1878...... 66.3 | 51.8 (6) 
| (4) || 1841...... 36.8 58.3 (1) || 1874...... 44.6 62.9 (7) 
| (8) 108...... 24.2 | 36.5 (2) 1875 ..... 17.1| 37.1 (8) 
1810... 0.0;  ¥ (6) || 1843...... 10.7 | 50.3 (3) | 1876.. 11.3} 21.6 (%) 
1.4 39.7 (7) | 1844. .... 15.0 | 65.4 (4) | 1877.. 12.3) 6.2 (1) 
1812....... 5.5 (8) 40-1 | 38.1 (5) | 1878.7. 8.4| 28.7 (2) 
1813. | 12.8 | 45.1 (9) | 1846...... 61.5 | 79.8 (6) || 1879...... 6.0) 54.3 (3) 
| 14.4 32.4 (1) | 1847...... 98.4 | 81.0 (7) | 1880...... 61.8 (4) 
1815....... | 35.4) 56.0 (2) || 1848...... 124.3 | 54.8 (8) || 1881...... 54.2 | 44.0 (5) 
| 46.4) 41.2 (3) | 1849...... 95.9 | 39.8 (9) | 1882. .... 59.3! 50.2 (6) 
eee 41.5 63.6 (4) | 1850...... 66.5 | 36.9 (1) || 1883...... 62.8 | 60.5 (7) 
1818..... | 30.0 76.3 (5) | 1851. .... 64.5 | 64.3 (2) | 1884...... 63.3 | 78.9 (8) 
24.2 | 36.3 (6) || 1852...... 54-2 72.7 (3) || 1885...... 50.3 47.9 (9) 
1890.......! 15-0 | 70.0 (7) | 1858...... 39.0 | 35.8 (4) |) 1886...... 25.7) 47.8 (1) 
18Z1....... 6.1) 47.1 (8) | 1854...... 20.6 | 43.2 (5) | 1887...... 13-1, 70.2 (2) 
| 4.0) 59.6 || 1855...... 6.7 | 32.3 (6) || 1888.-.... 6.7 62.5 (3) 
| 1.8) 26.6 (1) | 1856...... 4.3 | 47.0 (7) || 1889.. 5.8) 43.4 (4) 
1824....... | 8.6 | 388.7 (2) || 1897...... 22.8 | 58.0 (8) 1890...... | 28.0 (5) 
| 15-6) 56.1 (3) |) 1858 ..... 54.8 | 48.5 (9) || 1891...... | 85.6) 30.4 (6) 
1826.......| 36.0 60.7 (4) || 1859...... 93.8 | 55.1 (1) || 1892..... | 73.8) 42.0 (7) 
| 49.4 88.4 (5) || 1860...... | 95.7 | 27.6 (2) 1893...... ? 44.0 
| 62.5 37.9 (6) || 1861...... | %7.2| 87.2 (8) || 1804...... ? 47.8 (9) 
1829....... | 67-3) 36.9 (7) 1862...... 59.1 | 38-2 (4) |) 1895...... 47.4 (1) 
a 70.7 | 32.4 (8) || 1863.. ... | 44.0) 54.6 (5) || 1896...... ? 68.7 (2) 
47-8 | 44.4 (9) | 1864....... 46.9 47.2 (6) 
| (1) | 80.5 | 41.6 (7) | 


Taking first the 11-year cycle, the above table shows a gen- 
eral direct agreement between the number of solar spots and 
the amount of rainfall at Madras. In order to obtain values 
which can be compared directly with the pressure values of 
the ll-year cycle given in Table III, the annual rainfall 
values for each eleven years, beginning with 1808, have been 
combined, as shown in Table IX. 
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Taste IX.—Annual rainfall at Madras, arranged in 11-year cycles. Tasie XI. 
o|3 Inches Inches Inches Inches Inches Inch 
3 al | 1905... 81.2 1814...! 32.4 1883...) 26.6 1882... 18.5 1841... 58.3 | 1850.., 36.9 
1908, ¥ 1841/58, 3 185272. 7/1863 54. 6 1874 62. 9 1885 47.9 199668.7/54.2 4+ 5.4 | 14.3 1816... 41.2 1825... 56.1 1834... 1843... 50.3 
1809 |1890 70.0/1831 44. 41842.36. 5 1853.35. 8 1864 47.2 — 3.3 | 1808.. | 68.6 | 60.7 | 41.5 | 65.4 | 1858..) 85.8 
|1821|47. 1/1882 18, 5 1848/50. 8) 1854 43. 2/1865 /41.6 187621.6 1887 70.2... |....141.8 — 7-0 | | 78.3 | 1836...) 44.8 1845... 
1911/39. 6 1833/37. 1/1844/65. 4 1855 32. 31866 51.4 1877 66. 21888 + 3.0 | S10... 1819... 36.3 37.9 | 1887...) 49.3 | ISHG... 79.8 INDS.. 
1812 1823.26. 6 1834.39. 0)1845/38. 1 1856.47.0 1867 24. 4 1878 28. 7 1889 43. — 00.6 | SRT | | | | S10 | 
1813/45. 1/1824 33. 7 1835.41. 5 1846,79. 8 1857 53. 0 1868 41.4 1879 54. 3 1390 28. 47.1, — 1.7 | 1812 | | | 
1814 32. 4|1825/56. 1 1836 44. § 1847/81. 0 1858 48.5 186932. 3 1880 61.8 1891 30.4 — | | | BOGE...) | 000...) | 1000... | 5 
1815.56. 0/1826 60. 7 1837/49. 3 1848.54. 8 1859 55.1 187074. 1 1881 44. 0 18% + 5.7 | — 3 
1816-41. 2 1827 88. 4 1838.52. 3 184939. 8 1960.27. 6 1871 56.4 1882.50. 50.0 + 1.2 re 
181763. 6 1828 37. 9 183953. 1/1850/36. 9 1861 37.2 1872 73.7 1883.60. 5, 1894 47.8 51.3 + 2.5 | | = = 
1818/76, 3) 1829 36, 9) 1840/58. 1851/64. 1862 38. 2.1873 51.8 1884 78.9 1895 + 7.8 & < a. 2 tele 
From Tables III and IX the following mean results have Inches | Inches 
been obtained for Madras : 1859...) 55.1 | 1868... 41.4 | 1877... 66.2 | 1886... 47.8 1805.. 47.4 42.0 -6.8 
1860...) 27-6 | 1869... 32.3 | 1878../ 28.7 70.2 1806.. 47.0 
1861...| 37.2 | 1870... 74.1 | 1879..| 54.3 | 1888..| 62.5 
Taste X 1862...| 38.2 | 1871..| 56.4 | 1880... 61.8 | 1889... 43.4 51.9) 43.1 
a 1863...) 54.6 | 1872..| 73.7 | 1881..) 44.0 | 1800... 54.6) +5.8 
1964...) 47-2 | 1873..| 51.8 | 18R2..| 50.2 | 1891 .| 30.4 46.1, —27 
1865... 41.6 I1874.. 62.9 | 1883... 60.5 1892.. 42.0 | 53.4) 
Calendar years. Variations. 1966...) 51.4 | 1884... 78.9 | 1808..) 44.0 50.2) +1.4 
1067 ...| 24.4 | 1876: | 21.6 | 1885..| 47.9 | 1804..) 47.8 43.8) —5.0 
Cycle year | | 
rainfall. pressure | Rainfall. Pressure 
ni a From Tables V and XI the following results are obtained: 
Inches. Inch. 
1808-96 | —.0015 Taste XII. 
1 —33 | 0020 
1810-87 —7.0 | 
+ 000s Calendar years. Variations. 
1813-90 —1.7 +. 0007 
1814-91 | —0.4 | +.0038 Cycle year. 
1818-95 7.8 —. 0027 
| | Inches Inch 
— 1805, 95 1841.95 | First ....... —6.8 +..008 
1806-96 | 1842 Second ..... —1.8 —.004 
1807-88 1843-88 Third ...... +14 
This is not a very close agreement, but, as will be seen from 1908-89 | 1844-89 | Fourth ..... +81 — 007 
the following diagram, Fig. 3, there does exist a rough agree- isto | ist 
, 1 7 Seventh.... +4.6 —.003 
ment between the variations of pressure and the variations 
of rainfall: 1813-94 «1849-4 Ninth ...... —5.0 
. . . . 
Yeer | | 213 | [Year This table gives the following diagram: 
Preserve 
008 Year| | 4 6 9 {Year 
+6 Pressure 
+4 4 +6 -006 
+2 b~« \ 002 IN 04 
-4 \ 4 ‘ \/; 
-6 006 2 ‘ \ Vy +002 
+006 ! 
-8 +008 4 Vv 004 
-10 +010 -6 7 +006 
-12 +012 i 
-16 V oe Fic. 4.—Indian pressure and Madras rainfall, 9-year cycle. 
¥ +016 Pp y 
wa etecsseesseoee Pressure Ramfrall The above curves show that in the barometric pressure over 


Fig. 3.—Indian pressure and Madras rainfall, 11-year cycle. 


Turning next to the 9-year cycle, and treating the Madras 
rainfall in the same manner, only dividing it into 9-year 
instead of 1l-year periods, the following, Table XI, is con- 


structed : 


India and in the rainfall at Madras there exists an 11-year 
cycle presumably agreeing with the relative frequency of solar 
spots, and in addition a 9-year cycle in which the agreement 
between pressure and rainfall is even more marked and more 
distinct than in the case of the 11-year cycle. 

For the reasons stated above the rainfall discussion has 
been hitherto confined to the records of Madras observatory, 
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the rainfall records of the whole of India being available for| whence, with Table V or VII, the accompanying curves of 
only a relatively short period. From 1864 onward, however, | Fig. 6 are obtained: 


rainfall returns are obtainable for the whole country, and 
these returns have been utilized to construct Table XIII. Year| } 2 4 4 5 6 ry 8 9 | Yeer 
r ° ° yoke Presse 
Taste XIII.— Variations of rainfall for all India arranged in 11-year 
cycles. +6 006 
-——- o4 ‘ 
| Inches | Inches. Inches. | Facken, | Inches, -2 x +002 
tH 1885} +11) 18%) —48)> +0.3 
—5.5 1875 2.4 1886 t 3.0 0.0 
—0.8| 1876; —4.5| 1887 2.6 0.9 +004 
t 0.4; 1880) —1.6| 1891) —3.5 1.6 
| ee ; Fic. 6.—Indian pressure and rainfall for all India, 9-year cycle. 


It would appear, then, from this investigation, that there 
are two cycles, both traceable in pressure and rainfall, affect- 
ing the weather over the Indian region, the one running 
through a period of eleven years and the other through a 
period of nine years. Both appear to be more distinctly 


The 11-year cycle of Indian pressure (Table III or VII) and 
of rainfall for all India (Table XIII) are shown in Fig. 5. 


Year| J 2 3 4 5 6 7 8 9 | Year 


| traceable in the records of southern India (Madras) than in 
vt ‘ the records of the whole of India. That these two cycles of 
“? 7 ’ 006) \change will not account for all the variations of rainfall is 
+4 ain ‘—+ooa| | sufficiently apparent from the records of the years 1877, 1881, 
» if | 1887, 1890, 1892, and 1893 in the case of Madras, and 1876, 
» / \ ; \ ; 1883, 1886, 1887, and 1896 in the case of India, as a whole, 
o Se X 000) |but they may assist in explaining the numerous variations 
-2 oo2| | Which are on record, and may afford help in determining the 
| |general characteristics of future seasons. 
s : Fi = In order to test the practical utility of the system the 
-6 — } 06) |cyclical variations of rainfall for Madras and for India, for 
’ 
-8 oos| |each year from 1864 to 1896, were calculated according to 
, / this method, and in the following table are given side by side 
| with the actual variations observed in these years. 
XV.—Cyelical variations of annual rainfall. 
J Madras Whole of India. 
-16 +016 fe. 
Fig. 5.—Indian pressure and rainfall for all India, 11-year cycle. | 3 
The amplitude of the rainfall oscillation for the whole of | Inches. Inches.| Inches.| Inches. Inches. Inches. Inches. Inches. 
the curve is the same, and the general agreement between the | | 18:5 | — 5.0 | | +3.8/4+15/+5.3| +28 
rainfall and pressure variations is unmistakable. |-1.7 —68|/—85|—86 —14/—27/—41/ — 66 
over a 9-year cycie, there results Table XIV, as follows: | tes t 
Taste XIV.— Variations of for all India arranged in 9-year t 4 +88 tas 
cycles. — 7.0 — 5.0 | —12.0 | —28.4 | — 0.9 1.5 0.6! — 4.5 
+ —3.8| —438 
| 18.5 | — 1.8 | —15.8 | | + 3.8) + 1.1) + 4.9 +$3 
= = 5.7 58) +18) 60) 10/482) +01 
s | 3 | | 1.5 2.6 
| +3.0 
Inches Inches. | Inches. | Inches. —7.0|—1.8| — 88 Ts | — 0.9 t 1.1 | + 0.2 2.6 
868 1877) —4.3| 1886) +3.0| 
1969 40.4) 1878) 46.3) +2. —13.5 |= 706) +44) +25 
1870) +1.5| 1879 +1.7| 1888 | 441/222 —14/+10)/-04) 
1864... | —5.5| 1878, 1982 +26 | 1891) +42/+28/+7.0) +91 
1865...) —O.8 1874) 44.6) 1888) —O.1| 1802) 45.1, +65 
1806...., —2.1 1875) +24) 1898) 49.1 — 2.6|—1.9|—27|/—46| —29 
1867...) 1876) —4.5 | | | 1804 $6.5 | — 1:8) 48.6 | 4187) 4+08) 411) +14) 
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That the method of the two cycles would have given ap- 
proximately correct rainfall variations in the majority of 
years is obvious, and that the calculated variations (more 
particularly in the case of Madras alone) should be smaller 
than the actual variations is not surprising, but the actual 
and calculated values in some years are so very divergent 
that it must be reluctantly conceded that it is impossible by 
this method “to determine beforehand with any certainty 
the probable amount of rain in any season, such as would 
admit of timely precautions being taken against impending 
drought.” 


| Nore.—In publishing this important paper by Mr. Dallas promptly, 
without incurring the great delay that would be necessitated by su 
mitting the proof sheets to him, several matters have been noticed by 
the Editor which, although unimportant to the general trend of the 
argument, may possibly be worth repeating as helpful to the reader. 

The word “variations” is used by Mr. Dallas always in the same 
sense as the word ‘‘departures’’ is used by other writers, viz, the ob- 
served value minus the computed value, so that a plus variation is also 
a plus departure. 

The adoption of a regular 11-year cycle, instead of the somewhat irregu- 
lar sun-spot numbers, which are given in Table VIII (inasmuch as the 
ll-year and the sun-spot cycles depart widely from each other), seems 
to show that the 11-year period has no direct connection with the sun 
spots, and it should, therefore, not be spoken of as a sun-spot period, 
but simply an 11-year cycle. 

The pressures given in Table I for three different series of years 
should, strictly speaking, be reduced to a common system by adopting 
the years 1853-1896 as the basis. The mean pressures for these forty- 
four years are: Madras, 29.844; Bombay, 29.813; Caleutta, 29.784; the 
mean of all three is 29.814. Adopting this latter figure as the base, we 
reduce each of the three stations to a common standard by applying 
the corrections, —0.030, + 0.001, + 0.080. Fortunately these corrections 
are the same as those used by the author in preparing Table IV and 


Fig. 1. 

With regard to the annual pressures for Mauritius, Mr. Dallas states 
that they were corrected for the ll-year cycle in order to obtain the 
curve of Fig. 2. We infer that the corrections were specially com- 
puted by him from the Mauritius observations, and that he does not 
mean to say that he corrected the latter by using the means for India 
given in Table IIT. 

No reason is given for omitting from Tables IX and XI the earliest 
years, as given in Table VIII. 

In Tables X and XII the author has compared together the Madras 
rainfall and the Indian pressure, but for quite different groups of years. 
If the comparison had been for a uniform sysiem of stations and of 
years, the results might have been more harmonious. It is difficult to 
separate the influence of this discrepancy as to locality and time from 
the influence of the general want of physical connection between the 
rainfall and the pressure. 

In Tables XIII, XIV, and XV the figures given in the manuscript 
for the variations of rainfall for all India show some slight discrep- 
ancies, viz: XIII, 1886, -+3.0; 1887, +2.4; 1889, +2.5; XIV, 1886, -+-3.2; 
1887, +-2.4; 1889, +2.4; XV, 1886, +3.2; 1887, +2.6; 1889, 4-24. These 
discrepancies the Editor has removed, so that the three tables may be 
harmonious, 

With regard to the variations of rainfall at Madras, as given in Table 
XV, the reader will notice that the figures of column 5 may be repro- 
duced by assuming the normal for Madras at 50.0 inches and computin 
from this the departures of the individual years given in Table VIII. 
Two small discrepancies will be found, viz, the variation for 1878 should 
be — 21.3, and for 1890, — 22.0, instead of — 22.3 and —22.2, respectively, 
as published in Table X V.—Ep. } 
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MEXICAN CLIMATOLOGICAL DATA. 


Through the kind cooperation of Sefior Mariano Barcena, Di- 
rector, and Sefior José Zendejas, vice-director, of the Central 
Meteorologico-Magnetic Observatory, the monthly summaries 
of Mexican data are now communicated in manuscript, in ad- 
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vance of their publication in the Boletin Mensual; an abstract 
translated into English measures is here given in continua- 
tion of the similar tables published in the MonrHity WEATHER 
Review during 1896. The barometric means have not been 
reduced to standard gravity, but this correction will be given 
at some future date when the pressures are published on our 
Chart IV. 


eave Prevailing 
| Toms 3 | = direction. 
Siseigig 2 2 
| Feet.| Inch. |° F. | OF.) & “Inch. | 
Arteaga (Coahuila)... 88.3 | 29.7 | 50.5 |...... 
Barousse (Coahuila, 5,414 ....... 77.7 | 38.0 | 58.3 |...... 0.00 
6,241 24.04 78.8 39.2) 54.9 51 0.28) sw. sw. 
5,934 24-32 75.4 27.7 | 57.9 se. wsw 
Linares (NuevoLeon) 1,188 29.00 83.3 55.6 56.1 
Magdalena (Sonora). 4,948 0.03 ne. n. 
Merida (Yucatan)... 30.01 ' 94.5 34.5 74.3 72 0.23 | ne. n. 
Mexico (Obs. Cent.).. 7,472 23.10 | 70.7 | 35.6 55.8 58 0.03 e. | ne. 
1,626 28.41 84.2 87.2 55.8 63 0.23 e. ne, 
Morelia (Seminario)... 6,401 24.40 76.3 39.2 59.2, 63 0.12 sw. 
OAXACA 5,164 25.11 82.4 40.1 74.3 60 0.49 w. ne. 
Parros (Coahuila) .... 3,986 .... .. 74.8 42.8 | 59.2 ...... Saas Pere 
Puebla (Col. Cat.) .... 7,112 23.52 75.6 30.7 58.8 0.08 | MO. 
Rosario (Sinaloa) .... 93.0 21.0 60.3 ..... 0.04 sw. 8. 
Saltillo (Col. S. Juan) 5,399 24.91 77.2 32.0 55.6 62. SOT’. | n. 
San Luis Potosi ...... 6,202 24.30 73.4 35.1 56.8 57 0.06 ne. w. 
Silao (Guanajuato).. 6,063 24.32 72.0 39.0 608 58 TT. > w.sw.) w. 
Torreon (Coahuila) .. 3,720 .. .... 78.4 37.4 60.8 ...... 
Tuxtla (Gutierrez)... 1,864 28.06 91.4 51.8 72.9 71 n. sse. 
Zapotian (Seminario) 5, |. 78.3 44.2 55.2 55 (0.00) sse. sw. 


THE ELECTRIC STORMS OF CALIFORNIA. 
By J. A. Barwick, Observer Weather Bureau (dated Sacramento, December 18, 1897). 


The electric storms of California are not local to any one 
portion of the State over another; thunderstorms are ob- 
served as occurring on the same day over 800 miles apart, viz, 
at Picacho, San Diego County, in the southeastern portion of 
the State, and at Yreka, Siskiyou County, in the northern 
portion of the State. 

During the thunderstorm of August 19, 1896, electric displays 
were observed in the following counties, beginning in the north 
and going south, viz, Siskiyou, Modoc, Lassen, Tehama, So- 
noma, Alameda, Santa Clara, Mono, San Bernardino, and San 
Diego counties. Siskiyou and San Diego counties are nearly 
800 miles apart. 

The greater number of thunderstorms in summer (June, 
July, and August) are confined mostly to the counties of the 
Coast Range and the Sierra Nevada range of mountains. 
Scarcely a day passes in summer but what the tops of thunder- 
head clouds, such as cumulo-stratus and cumulo-nimbus, may 
be observed from Sacramento over the Sierra Nevada range 
of mountains, especially in the northeastern and eastern por- 
tions of the horizon. The greater number of these storms 
are noted in July and August, during and at the closing of a 
hot spell in the Sacramento and San Joaquin valleys. As 
the hot and moist-laden air rises it strikes the upper south- 
westerly current of air and is wafted over the Sierra Nevada 
Mountains, where the moisture is rapidly condensed, forming 
these thunder-head clouds. It is among such clouds as these 
that so much sheet lightning is observed and reported by 
observers in the foothill and valley towns. 

The greater number of these storms are reported as occur- 
ring during the months of May, June, July, August, and Sep- 
tember; the hotter the weather in summer the greater are 
the number of such storms observed and reported. The 
records for 1896 and 1897 show a greater number recorded. 
Possibly this is due partly to an increased number of ob- 
servers and to more accurate records of those storms than 
during previous years, when a much smaller number was 
reported. 


The tabulated data herewith gives a record of all electric 
storms reported by the voluntary observers throughout the 
State from September, 1891, to October, 1897, inclusive. 


Total number of thunderstorms recorded as having occurred in the State of 
California from September, 1891, to October, 1897. 


| | Monthly 

Year. 1892. | 1808. 1894. 1895. | 186. 1897. | Total. | average. 
o| 1] 6; 58] 7] 6 25 4 
February 2; oO} 1) 4] 8 15 8 
9; 28 3 3 28 5 
6; oO; 9! | 46 8 
8; 8 4 60 10 
September..... ........ 2; 6] 2| 7] 7 
November ............. 8] | 2 
December } 1] 6) 4] 8) 3 

| *5| 59) 62| 107| +91 | 413 | 


Nore.—Total and average for September and October are for seven years. * For 
four months. +t For ten months. 


It is true that during cool summers there are much fewer 
electrical displays than during hot summers with long- 
continued spells of excessive heat. Had I the time I should 
be pleased to prepare a chart showing the counties where 
electric displays were recorded from 1891 to 1897. By such 
means the points in the State where the greatest number of 
electric displays are observed would be plainly indicated. 
No doubt, if our summers in California were as wet and 
stormy as in the States east of the Rocky Mountains, our 
record of magnificent electric displays would be equal to 
those of the East. 

In March, 1881, when I took charge of this station, it was 
reported to me by numerous “oldest inhabitants” that there 
was no such thing in this State as thunder and lightning. 
As the same idea had been reported to people in the East, 
inquiry was made of this office asking if such were the fact. 
Our records for this station were searched and an article pre- 
pared and published in the Monthly Bulletin of the California 
Weather Service for June, 1893, covering the years from July 
1, 1877, to May 17, 1893. 

The following are descriptions by the voluntary observers 
of electric storms of severity that were recorded by them: 


September 5, 1891.—Telephones burned out at Pleasanton and Liver- 
more, Alameda County. 

June 8, 1892.—Oleta, Amador County, lightning struck a pine tree on 
the roadside near the village, killing 18 sheep out of a passing band. 

r 25, 1892.—Milton, Calaveras County, lightning quite vivid, 
and was a remarkable and unusual display for this part of the country. 
Nevada City, Nevada County, September 25, 1892, was the severest and 
longest ever known to the oldest resident of this section. San Jose, 
Santa Clara County, the storm of the 25th was the greatest electrical 
display ever seen = | the residents of this city; many young people saw 
more hi htning and heard more thunder than they had ever before 
observ Willows, Glenn County, on the evening of the 25th the 
electric storm in the Sierra Nevada Mountains showed lightning of 
every kind, visible from this town, from northeast along the entire 
horizon to the southeast; sometimes for half an hour the lightning was 
continuous; only a few clouds were visible from this point. 

May 12, 1893.—A very sharp thunderstorm passed over Pasadena, 
Los Angeles County, giving a dozen blinding flashes of lightning; one 
flash struck the earth within 1,000 feet of the observer and was followed 
by a tremendous crash. Colegrove, Los Angeles County, on the 12th 
lightning vivid, several wavy streaks observed in the distant east, 
tg — horizontally through the clouds at least 15 to 20 miles 
in length. 

May 17, 1893.—Anderson, Shasta County, this storm was the worst 
that has ever passed over this section; the center appeared to be over 
Redding, doing some damage by striking the Presbyterian church spire 
and tearing it away; some two bended yards away from the church it 
struck the tree on which the Ruggles brothers were hanged. There 
were three movements of clouds, one passing along the Coast Range 
northeast, one along the foothills from the east to the northwest, and 
one in the center moving northward, all forming over the town of 
Redding; balls of electricity dropped off the electric wires. It was a 
grand display, but without much Saamage. 


| 
Mexican data for December, 1897. 
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November 24, 1893.—Heavy thunderstorm at Hydesville, Humboldt 
County, the lightning struck a tree about 5 miles cast of this town and 


set it on fire. 
December 27, 1893.—Severe thunderstorm passed over Pasadena, Los 


Angeles County, one bolt of lightning striking a stable and destroying 
it, along with 75 tons of hay. 

July 9, 1894.—At Gardnerville, Alpine County, lightning struck a 
barn, killing one horse and stunning several persons, and the building 
was set on fire by the lightning. 


In his review for July, 1896, Mr. Barwick says: 


There were heavy thunder and lightning storms over all the moun- 


tain regions of the State, with numerous cloudbursts, and, singular to 
relate, these cloudbursts appear to have occurred on the day of the oc- 
currence of the maximum temperature over the greater portion of the 
interior of the State, namely, on the 9th of July. 

Thunder and lightning were reported from several places along the 
coast, which are rather unusual occurrences. Generalty speaking the 
cloudbursts and thunder and lightning storms occurred during the 
prevalence of the long and severe hot spell of July, from the Ist to the 
25th. From all accounts this was the most disastrous hot spell to the 
interior valleys of California since the unprecedented hot wave of June 
and July, 1859, when horses died in great numbers, and even birds and 
wild animals succumbed to the fierce rays of the sun, and several per- 
sons were reported to have died from the effects of the hot wave. 


NOTES BY THE EDITOR. 


MECHANICAL OF RESULTANT 


At the December meeting of the Meteorological Society of 
France, M. L. Besson exhibited an instrument that gives, 
mechanically, the mean direction and force of the wind, and 
thus dispenses with the calculations that are necessary in the 
application of Lambert’s method. 

This instrument is composed essentially of a vertical wheel, moving 
easily around its axis, and having near its circumference small equi- 
distant projecting horizontal pins or rods to the number, for example, 
of sixteen, corresponding to the sixteen principal directions of the 
wind. If we hang on each of these pins a weight proportional to the 
movement of the corresponding wind, the wheel will take a certain 
position of equilibrium, such that the lowest point of the wheel indi- 
cates exactly the resultant direction of the wind movement. The 
apparatus can be made more complete by adding a balanced alidade, 
which is itself provided at one end with a small pin similar to those 
of the principal wheel. When the direction of the resultant has 
been found we set the alidade to the opposite direction, and suspend 
from it certain weights, until we obtain neutral equilibrium. By giv- 
ing to the alidade a convenient length we can thus, directly, mvasure 
the relative value of the resultant, that is to say, the degree of varia- 
bility of the wind during the period under consideration.* The model 
actually presented to the society shows the simplest form that can be 
given to this instrument. It is intended for the determination of the 
mean direction of the wind during any one day, from hourly or tri- 
hourly observations. The weights that are employed are counters of 
equal mass, pierced through their centers; each of these represents one 
observation. One may agree to call the wind variable if twelve coun- 
ters suspended on the pin opposite to the resultant suffice to bring the 
system into neutral equilibrium. 

These mechanical devices in the hands of skillful manipu- 
lators will scarcely do their work more quickly, and will 
rarely do it as accurately as can be done by the skillful com- 
putor. The simple form used by the Weather Bureau for the 
computation of resultant winds, when used in connection 
with Crelle’s multiplication table, is probably better than the 
mechanical device, and yet there are many who would prefer 
the latter as avoiding the ordinary errors of computation. 

There are many other mechanical devices that may be 
advantageously introduced into meteorological computations. 
Professor Mascart, who presided at the meeting of the Me- 
teorological Society, suggested that the same apparatus 
could also be applied to the solution of questions regard- 
ing the composition of colors, thereby replacing the whirling 
disk of Sir Isaac Newton, and the color-triangle of Lord Ray- 
leigh. In fact, the apparatus can be used for showing quickly 
the resultant of any complex system of forces, provided they 
all act at one point of application and do not introduce 
moments of rotation. 

The apparatus of Besson, as above described, can appar- 
ently be simplified by omitting the alidade and substituting 

* The variability of the wind is, strictly speaking, shown only by the 
relative number of the times that each direction of the wind occurs. 
If the wind has blown from all possible directions, then the resultant 


velocity were much smaller than when the wind blows steadily 
from one direction, therefore, the strength of the resultant is, ina 


rough way, indicative of the variability or the degree to which oppos- 
ing winds have neutralized each other.—C. A. 


the following construction. The resultant direction is usually 
desired to within two or three degrees. In order to secure 
this degree of accuracy we divide the circumference into 128 
equal parts, each representing 213 degrees, and insert cor- 
responding pins, giving each a letter or number from north 
around the entire circle consecutively. On a wheel 20 inches 
in diameter each of the 128 pins would be about half an inch 
from its neighbor. When the pins for the sixteen wind direc- 
tions have been properly weighted and the wheel has come to 
its position of equilibrium, which should be tested by several 
successive oscillations to the right and left, and when one has 
decided which of the pins is the lowest when the wheel has 
come to a rest, and which, therefore, indicates the resultant 
wind direction, he is to select the pin diametrically opposite 
to this resultant, and load it with additional weights until 
the wheel is neutral in all positions. But even in this sim- 
plified form it may be doubted whether the mechanism is 
any better than properly arranged forms of numerical com- 


putation. 


THE METEOROLOGICAL STATIONS OF HARVARD UNI- 
VERSITY. 

The annual report for October, 1896, to September, 1897, 
inclusive, of Prof. Edward C. Pickering, as director of the 
astrouomical observatory of Harvard College, shows his high 
appreciation of the importance of meteorology in connection 
with astronomy. The atmosphere by its refraction alters the 
apparent position of the stars; by the irregular refractions, 
due to the want of perfect homogeneity, the atmosphere in- 
troduces the blurred images and the rapid oscillations that 
prevent perfect steadiness of vision and cause the so-called 
* poor seeing;” by its dispersive power the atmosphere, act- 
ing like a prism, givesconfusing colors and distorted outlines 
to the images of the stars and planets; by its general absorp- 
tion the atmosphere renders the faintest stars invisible, and 
even the brightest stars may become invisible near the hori- 
zon; by its selective absorption the atmosphere introduces its 
own lines into the spectrum of the sunlight. The search 
after good seeing and the study of the brightness, or the 
variations in brightness of the variable stars, have led Profes- 
sor Pickering to investigate the atmosphere of the Southern 
Hemisphere, in which work he was encouraged by the late 
Uriah Boyden, who left a large fund for astronomical re- 
search. An astronomical station is maintained at the city 
of Arequipa, Peru, and in connection with it the following 
“ Boyden ” meteorological stations: 

Mejia (elevation 55 feet); La Joya (4,141); Arequipa 
(8,050); Alto de los Huesos (13,400); Mont Blanc station on 
El Misti (15,700); El Misti (19,200), and Cuzeo (11,378).* 

* An article by Mr. R. DeC. Ward in Science for January 21, 1898, 
adds a new station, Echarati, 150 miles north of Cuzco, latitude, 13° 31’ 
S.; longitude, 74° 24’ W.; elevation, 11,378 feet. The elevations of the 
instruments given in the above text have been corrected to agree 
with this recent article by Mr. Ward, to which we must refer the reader 

| for many interesting details. 
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Continuous observations were obtained at the summit of El | 
Misti by means of the new meteorograph. 

By an arrangement with the Park Commissioners for the, 
city of Boston the upper portion of Blue Hill was purchased | 
in 1875 and transferred to the care of the Harvard observa- 
tory. This hill is about eight miles south of the observa- 
tory, and upon it was placed one of the transit circle meridian 
marks when the observatory was first erected by W. C. Bond | 
in 1838. Thus it happens that the Blue Hill Observatory | 
now comes under the general supervision of Professor Pick-. 
ering and the authorities of Harvard University, but, of | 
course, without interfering with the independence of this) 
coordinated institution. Professor Pickering’s annual report. 
states that a description of the method of exploration of the 
upper air with kites, with a discussion of the observations, 
from 1894 until the beginning of 1897, forms an appendix to 
the observations of 1896 in Vol. XLII, Part I of the “Annals,” 
now in course of publication. He also adds that the obser- 
vations of the New England Weather Service will not here- 
after appear in the annals of the observatory, but will be 
“published in the Monthly Weather Review,” by which latter 
name he, undoubtedly, intends “the Monthly report of the 
New England Section of the Climate and Crop Service of the 
Weather Bureau.” These monthly reports from the various 
sections contain a great deal of information that is not given 
in the MonrH_ty WEATHER Review published at Washington, 
which latter can at best give but a brief summary of the de- 
tails given in these reports. 


IMPORTANCE OF THE MONTHLY REPORTS OF THE SECTIONS. 


These monthly section reports are, we fear, not always ap- 
preciated as they should be, as a permanent detailed record 
of our climatic data. The set of twelve numbers for each 
year should be preserved and bound by each recipient, or if 
more convenient, presented to some library where it will be. 
properly cared for and generally accessible to the public. if 
sets of these could be presented to the prominent Govern- 
ment weather bureaus throughout the world, and personally 
to those who are known to be active students of climatology, 
they would, undoubtedly, contribute to remove much of the 
ignorance that prevails with regard to the climate of America. 


METEOROLOGY IN THE UNITED STATES GEOLOGICAL 
SURVEY. 


There are, of course, many matters that must be attended 
to in the prosecution of the duties imposed upon the Director 
of the Geological Survey that bear closely upon meteorology 
and the work of the Weather Bureau. There is apparently 
no duplication of work in these two bureaus, but each must | 
carry on certain parallel lines of work in order to accomplish | 
the object it has in view. On looking over the eighteenth | 
annual report of the director of the survey, for the fiscal | 


| grees of 


stations to sea level were necessarily approximate barometric 
determinations. 

Very few have realized the great value of the accurate lev- 
elings that have extended over this whole country in con- 
nection with the building of railroads and canals. Extensive 


collections of these levels were first made by Mr. Ellet; these 


were further supplemented by other data collected by Mr. 
William Nicholson for the Smithsonian Institution, which 
were intended as a contribution toward a hypsometric map 
of North America. Such a map was first prepared by Mr. 
Schott for the statistical atlas, published in 1874 in connec- 
tion with the Census of 1870. This data was still further 
increased by the work done by myself in preparing the revised 
altitudes of Signal Service stations adopted in November, 
1872, which was also the first extensive effort to adjust the 
discrepancies along the various lines. The work has since 
then been greatly extended by Mr. Gannett, on behalf of the 
Hayden Survey and the United States Geological Survey. 

The geologist often fills in many details by the help of the 
barometer, using the differential methods. The method 
perfected by Gilbert and Gannett for this barometric hyp- 
sometry constitutes another point of contact between the 
work of the Weather Bureau and that of the Geological Sur- 
vey. 

By its study of the glacial drift the Survey contributes to 
our knowledge of the distribution of ice and snow as the 
principal climatic feature in one of the ancient eras. In 
this connection also the study of the water stored up in the 
soil, as collected from artesian wells, mineral springs, and 
ordinary wells has not only a direct bearing upon present 
agricultural possibilities, but upon past climates. 


It is found that great agricultural differences arise from varying de- 

€ ee of the several classes of glacial and glacial-river de- 

posits. This leads to the conviction that a classification of soils, based 

upon their relation to the glacial agencies by which they were formed, 
would be of fundamental importance to agriculture. 

Observations have been made by the Survey in a very deep 
well which is being drilled near Pittsburg and which will 
probably extend more than a mile into the earth. If such a 
well can be continued downward far enough to entirely 
escape the temperature conditions that prevail among the 
various sedimentary strata near the surface of the globe, it 
must, eventually, give us much information that will eluci- 
date the evolution of our globe and our atmosphere. 

In the division of hydrography, under Mr. F. H. Newell, 
measurements or computations of the water discharge of the 
rivers have been made for about 170 rivers, fairly well dis- 
tributed over the Atlantic and Pacific States and in the in- 
terior. In this connection measurements of seepage and — 
measurements of rainfall have, of course, also been made. 
As the windmill is extensively used in raising water for irri- 
gation, therefore special studies have been made upon the 
employment and efficiency of windmills. These memoirs, by 


year ending June, 1897, we note the following items that will Barbour, Murphy, and Hood, constitute a first installment of 
interest the students of American climatology. First of all | the important work that was commended to the attention of 
we must mention the magnificent topographical survey and |all concerned by the Editor of the MonrtaHty WeaTHER ReE- 
the published maps without which one can not understand view in April, 1895, Vol. XXIII, page 131, in an article on 
the climatology of any portion of the country, so much does “The Efficiency of Windmills and Farmers’ Tools.” The 
the climate of any spot depend upon its elevation, its aspect, | measurements of rainfall, evaporation, seepage, and river dis- 
and its drainage. Precise levelings, in the geodetic sense of charge constitute the fundamental data by means of which 
the word, are made by the Coast and Geodetic Survey, but) we get an approximate idea of the quantity of water that 
the detailed plane-table survey belongs to the topographic | passes back into the atmosphere from the surface of the con- 
division of the Geological Survey. | Snent, as distinguished from that which comes from the 
The altitude of the cistern of the barometer is believed to ocean and from frozen lakes, rivers, and snow beds. These 
be now known for every Weather Bureau station, by the help data have also an important bearing on the problems that 
of the accurate levels made first for railroad and canal work are involved in every effort to predict the floods and low 
and now by the Geodetic and the Topographic Surveys. It waters of our rivers,a work that is especially committed 
has sometimes been erroneously assumed by European me-| to the Weather Bureau. 
teorologists that the altitudes used in reducing American} The most recent addition to the work of the Survey has 
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been the mapping and description, and probably, eventually, 
the care of the national forest reserves. This opens up a 
new branch of work in which temperature, rainfall, wind, 
and other meteorological conditions must be considered. 
On page 116 of Mr. Walcott’s report as director he states: 
The paeeeion of a physical atlas of the United States, upon which 
much work had been done in former years, was continued. Climatic 
maps were prepared, which include maps of mean monthly tempera- 
ture, of annual pressure, cloudiness and snowfall, monthly and annual 
maps of relative humidity, and maps showing the range in temperature 
between the hottest and coldest months; in all 28 maps. Besides these 
— have been prepared of the slopes of the rivers of the United 
As nearly all the climatic data for the United States is 
preserved in the archives of the Weather Bureau, it would 
seem that the climatic maps prepared by the Geological Sur- 
vey must be essentially the same as those prepared by the 
Weather Bureau. There are, undoubtedly, frequent inquiries 
for a physical atlas and, so far as meteorological elements are 
concerned, the Weather Bureau has furnished its data freely 
to all inquirers and has published that for which there 
seemed to be the greatest demand. Plans fora national physi- 
cal atlas were submitted by Prof. Joseph Henry in 1847 for 
publication by the Smithsonian Institution. An atlas of this 
character was published by Gen. Francis A. Walker, in connec- 
tion with the census of 1870, to which, at the suggestion of the 
present writer, the Weather Bureau contributed four meteor- 
ological charts. When Mr. Gannett was assigned to duty in 
the Census Bureau as geographer, in addition to his duties as 
Topographer in the Geological Survey, many climatic charts 
were prepared by him for the publications of the census of 
1880, and a revision of these was begun for the eleventh 
census of 1890. It is evident that by the proper cooperation 
of the Weather Bureau (as to meteorology and hydrology), 
the Geological Survey (as to topography, hydrography, seis- 
mology, geology, and mineral springs), the several divisions 
of the Department of Agriculture (as to soils and forests), 
and the Coast and Geodetic Survey (as to magnetism, ter- 
restrial gravity, and tides), our national government is now 
in @ position to prepare a pce atlas of the United States, 
embracing every branch of terrestrial physics. An atlas that 
does not embrace all these must, necessarily, be incomplete 
and more or less unsatisfactory. A joint work for which 
each Department of the Government assumes the proper re- 
sponsibility would respond to a recognized desideratum. 


RECENT EARTHQUAKES. 


Prof. Edward W. Morley, of Adelbert College, Cleveland, 
Ohio,and Prof.C. F. Marvin, of the Weather Bureau at Wash- 
ington, report that no earthquakes have been recorded on 
their respective seismoscopes during December. 

December 2.—Medicine Lodge, Kans.: about 12:45 a.m. a 
slight shock was experienced in this locality. Duration, 
about five seconds; direction, south to north. Rome, Kans.: 
about la.m. Jefferson, Okla.: at 1:10 a.m. an earthquake 
shock, quite severe; rocked buildings, making them creak and 
crack; the disturbance seemed to be from northwest to 
southeast. 

December 6.—Forest Grove, Oreg.: slight shock at 8:30 p.m. 

December 15.—Waterville, Wash.: earthquake; duration 
four to six seconds; direction, northwest tosoutheast. Lake- 
side, Wash.: A severe shock. 

December 15.—At 6:48 a. m., local time, severe earthquake, 
causing great damage throughout San Domingo. A second 
slight movement at 2 p.m. Churches and buildings were 
destroyed and railroad traffic interrupted. The submarine 
cable to Hayti was also affected. The grand edifice of Santo 
Cerro, in Santiago, in the interior of San Domingo, dating 
from the time of Columbus, was entirely destroyed. A con- 


tinued repetition of harmless shocks occurred until the end 
of the month. 

December 16, 17, 20.—Lakeside, Wash.: light shocks, all 
occurring at 6 a. m., vibrating from west to east. 

December 18.—Earthquakes were reported at Ashland, Va., 
6:54 p. m.; slight shock, with heavy rumbling noises, lasting 
from twenty to thirty seconds. Richmond, Va.: Shortly be- 
fore 7 p.m. earthquake noticeable everywhere, but more vio- 
lent in the eastern part of the city, toward Oakwood. At 
Oakwood it was heard and felt very distinctly. At Bonair 
and throughout Henrico County, Va., it was heard and felt; 
also at Buckingham and Maidens at 6:49 p. m., and at Fred- 
ericksburg. 

December 26.—Centerville (P. O. Niles), Cal.: earthquake 
7:06 a. m.; duration, five seconds; direction, north to south. 

December 29.—Cockburn Town, Grand Turk, W. I.: Mr. 
Geo. J. Gibbs reports: 


On the morning of Wednesday the 29th day of December, 1897, at 
about 6:37 o’clock a. m., a slight shock of earthquake was felt at the 
Island of Grand Turk, lasting a few seconds. No damage was done; it 
was sufficiently strong, however, to stop the movement of the Govern- 
ment clock at the public buildings, and also several other timepieces 
in this town; symptoms of nausea were experienced by some of those 
who felt the trembling of the earth. 


ELECTRIC STORMS AT SACRAMENTO. 


The cause of the electrification of the atmosphere, from 
which follows the electrical phenomena of the thunderstorm, 
will, of course, not be understood until we have been able to 
explain how it happens that in some sections of the world 
there are so few thunderstorms, while in others they are of 
almost daily occurrence. A portion of California is singularly 
free from lightning, as shown by the following compilation 
from the records of the Weather Bureau station at Sacramento. 
The Weather Bureau station at this place was opened July 1, 
1877,and the daily journal kept at the station probably affords 
a complete list of all the thunderstorms (viz, even a slight 
display of thunder or lightning) that have occurred. The 
following is the complete list of dates as corrected and con- 
tinued from the list published on page 105 of Mr. Barwick’s 
Monthly Bulletin of the California Weather Service for June, 
1893: 


1877.—July 20. 

1878.—January 22; March 20; May 28; August 15. 
1879.—March 30; April 4, twice; May 25; October 7. 
1880.—March 3; June 11; July 25. 

1881.—April 9, 21; May 23; June 3. 

1882.—March 15; June 14; July 3; September 15. 
1883.—March 27; May 6. 

1884.—May 17, 18, 19. 

1885.—April 2, 7, 8; September 5, 6; October 6. 
1886.—January 20; March 4; April 9. 

1887.—May 30; September 22; November 5. 

1888.— May 12, 13; September 14, 15, three storms. 
1889.—March 10, 20; April 2; October 8, 21; November 18. 
1890.—February 16; May 10; December 3. 
1891.—February 22; April 13; May 18; September 5. 
1892.—September 26, 29, 30. 

1893.— March 11; May 17; September 6. 

1894.—May 25; June 17. 

1895.—April 27; June 28; October 11. 

1896.—May 27. 

1897.—August 18, 19; December 1. 


In most cases the display of lightning and thunder was very 
slight. The following notes refer to interesting cases: 

1885, October 6, forked lightning occurred in the shape of 
a horseshoe. 

1887, September 22, brilliant and long flashes of zigzag or 
forked lightning. 

1888, September 14, 15, there were five distinct and se- 
vere storms with lightning and thunder in the vicinity of 
Sacramento during these two days. 
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1889, March’ 20, there was a succession of twelve flashes of 
zigzag lightning followed by as many loud peals of thunder; 
this was the longest;display of lightning ever recorded here. 

1889, April 2, a severe storm of forked lightning and thun- 
der. 

1891, September 5, a tree was struck by lightning. 

1897, December"l, the second time that lightning occurred 
in December. The thunderstorm began at 4:05 a. m., seventy- 
fifth meridian time, and lasted about six minutes, during 
which time there were four flashes of lightning in the south- 
west, and the same number of loud peals of thunder. The 
lightning flash was of the zigzag or chain or forked variety, 
and was intensely white in color; the rainfall during the 
night (from 8 p. m. to 8a. m.) was 0.10 inch; during these 
same twelve hours 5 inches of snow fell at Summit, 4 at 
Truckee, and 1 or 2 inches at other points on the mountains 
50 or 100 miles west of Sacramento, and at points 3,000 feet 
or more above that station. 

DISTANT CLOUD BANKS. 

A letter from Mr. James Gun, of Durham, Grey County, 
Ontario, says: 

I have often, when engaged in my practice in the country, observed 
these banks of clouds; especially when, having reached a height of 
land, I found myself placed in such a position that (by the refraction of 
the rays of light?) these clouds assumed the appearance of bodies of 
water, something after the appearance of amirage. These cloud banks 
have been invariably, in my experience, followed by changes of 
weather and storms. 

The Editor remembers to have seen in the distance about 
the time of sunset low clouds that closely resembled a dis- 
tant lake or an ocean horizon. Of course the resemblance to 
such a solid mass of water was purely an optical delusion, 
and not due so much to the refraction that produces mirage, 
as to the peculiar tints of the blue sky, the clouds, and the 
ground at sunset. These were not the cloud banks that the 
Editor had especially in mind in his little note in the Octo- 
ber Review, but we are much obliged to Mr. Gun for calling 
our attention to them, and hope that other observers may put 
their observations on record. 

<> 


CLOUDY CONDENSATION. 


The researches of John Aitken, which have for the past 
twenty years been published from time to time in the “ Trans- 
actions of the Royal Society of Edinburgh,” have made the 
English-speaking world familiar with the fact that has been 
established by him and others, that whenever the aqueous 
vapor of the atmosphere condenses into the little globules 
that constitute fog or cloud it, by preference, condenses first 
upon the particles of so-called dust floating in the air which 
are, therefore, the nuclei of cloudy condensation. Accord- 
ing to the last publication by Aitken (R. 8. Edin., XX XIX, 
Part I, p. 15, 1897) he states that he has never said that dust 

articles are absolutely essential, but simply that as the air 
is full of dust and the condensation takes place on these by 
preference, therefore, practically all of our cloud particles 
have dust nuclei. The researches of Robert von Helmholtz 
and Professor Richarz and those of Prof. Carl Barus, as pub- 
lished by the Weather Bureau, agree with those of Aitken in 
showing that, in the absence of dust cloudy condensation 
also occurs, but the solid nuclei are replaced by molecules 
of some other foreign substances, such as the vapor of sul- 
phuric acid, or the particles given off by anhydrous sulphuric 
acid, or even from metal surfaces when heated or electrified. 
It has been suggested that, in the absence of dust nuclei, 
condensation may be produced by a molecular shock due to 
chemical processes, and more especially by the presence of 
the unsaturated molecular compounds known in chemistry 
as “ions.” This last memoir by Aitken gives in detail an 


experimental method of determining the importance of these 
ions, especially those produced by the burning of pure hy- 
drogen in pure air. Special pains were taken to obtain air 
and hydrogen perfectly free from dust, for when a single par- 
ticle of dust is burned in the flame it gives rise to innumer- 
able free atoms of carbon which becomes solid nuclei for 
condensation. Aitken’s experiments show that in his appar- 
atus the ions had no perceptible influence, whence he draws 
the safe conclusion that if they really had much influence 
in producing condensation they could have retained that 
power for only a very short time, viz, a fraction of a second, 
and it is not likely that they play any important part in the 
ordinary cloudy condensation of the atmosphere. 

Mr. Aitken next turned his attention to the question of 
the direct influence of sunshine in producing condensation, 
a matter which was first brought to the attention of the world 
by the brilliant experiments of Tyndall, who describes the 
beautiful clouds produced by allowing a beam of light to pass 
through a long tube full of dustless, saturated vapor. Mr. 
Aitken finds that many of the vapors which we call impurities 
in our atmosphere, such as ammonia, nitric and nitrous acids, 
peroxide of hydrogen, sulphurous acid, sulphuretted hydro- 
gen, hydrochloric acid, and chlorine give rise to nuclei of 
condensation when acted on by sunshine. Each of these, in 
a clean tube, was exposed to sunshine for about a minute. 
Ordinary pure air, after being filtered of dust and exposed to 
sunshine, does not show any cloudy condensation when ex- 
panded, but when any of the above-named gases are in the 
air a great deal of cloud is formed. Ammonia, after being 
sunned for a minute, has a very powerful effect; nitric acid 
not so much; nitrous acid probably as much as nitric acid. 
Hydrogen peroxide is a powerful generator of nuclei; sul- 
phurous acid gives rise to condensation even in the dark and 
in a weak solution, but sunshine increases it; illuminating 
gas and the gases given off by the combustion of anthracite 
coal give a dense condensation after being exposed to sun- 
shine, but these gases probably contain sulphur; pure sul- 
phuretted hydrogen and hydrochloric acid give dense con- 
densation after being exposed to the sunshine, but none when 
they are kept in the dark; chlorine causes condensation if 
kept in the dark and without being expanded and is still 
more fogged on exposure to sunlight. Some of these nuclei 
of condensation, due to the action of sunshine on the above- 
mentioned vapors, are very short lived, so that the air in the 
experimental flask loses the power of cloudy condensation in 
from fifteen to thirty minutes; but the nuclei from sul- 
phurous acid do not lose their power for a long time; these 
nuclei are probably particles of fine sulphur dust and their 
action is as permanent as ordinary atmospheric dust. The 
light of burning magnesium acts on sulphurous acid easily, 
but scarcely at all on the other vapors. These experiments 
on the effects of sunshine on the gases ordinarily present in 
the atmosphere show that it is possible for cloudy condensa- 
tion to take place in the absence of dust, since the sunshine 
may convert vapors into the nuclei of condensation. There 
is, indeed, always dust enough in the lower atmosphere, but 
we now see how it may become possible for clouds to form in 
the dustless higher strata. 

ON THE TENSION OF AQUEOUS VAPOR. 


Prof. Joseph Henry early called attention to the fact that 
the air is not necessarily saturated during rain, and he says 
(Smithsonian Annual Report, 1855, pp. 213-214, or Scientific 
Writings, Vol. II, p. 5): 

That the air should ever be undersaturated during rain is at first 
thought a very surprising fact; it may, however, be accounted for on 
the principles of capiilarity, The attraction of the surface of a spherical 
portion of water for itself is in proportion to the curvature or to the 
smallness of the quantity, and hence the tendency to evaporate from 
a raindrop ought to be much less than from an equal portion of a flat 


surface of water. 
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Mr. Aitken puts this principle in a very clear light, as 
follows: 

What is generally called a saturated vapor is one whose tension is 
equal to the tension of the vapor at a flat surface. Now this tension is 
not so high as the tension at a surface of extremely small convex cur- 
vature; and vapor that is in equilibrium with the vapor at a convex 
surface is supersaturated with reference to that at the flat surface; 
so that saturation is a relative and notana olute quantity, relative to 
the curvature of the condensing surface, and a vapor that is supersatu- 
rated to a flat surface is not necessarily saturated to a surface of very 
small curvature. It would thus appear that there is no strain ina 
vapor till a surface makes its appearance, but after it is formed the 
lower tension at this surface determines a movement of the vapor 
molecules toward it. * * * From this way of considering the sub- 
ject it would appear that there is no such thing as supersaturation in a 
pure vapor free from nuclei, consequently no strain in the vapor that 
needs to be relieved. 

The figures for vapor tension, considered as a meteorologi- 
cal datum, should, of course, always be considered as reduced 
to the normal value for a flat surface, but this is only im- 


portant for surfaces of very small curvature. 


CYCLES IN METEOROLOGY. 


The important and laborious computations by Mr. Dallas, 
the officiating meteorological reporter for the Government 
of India, as published in fullin the current number of the 
Montuty Weatner Review, do not encourage further 
efforts to discover arbitrary cycles that are likely to be 
of importance either to meteorology or to the weather fore- 
caster. If one had a myriad of observed temperatures, pres- 
sures, or rainfalls he could apply the harmonic analysis and 
represent the whole set of values accurately by a series of 
cycles, but every new observation of pressure, etc., would re- 
quire the addition of a new cycle or the modification of an 
old one to represent it. The computations of Mr. Dallas 
have resulted in showing that an 1l-year plus a 9-year cycle 
does not enable us to determine beforehand, with any cer- 
tainty, the probable amount of the total annual rainfall. 
There are, of course, numerous coincidences between cyclic 
predictions and actual rainfall, but the frequent outstanding 
discrepancies are such as to rob the predictions of all real 
value. As with rainfall so with pressure; the departures of 
mean annual pressure from a uniform normal value are so 
small that we find ourselves discussing arbitrary cycles whose 
amplitudes are matters of 0.008 or 0.010 inch of pressure; 
these small quantities are at the very limit of the accuracy 
of our observations. If we apply the method of least squares 
to the differences between the observed and the computed 
values, we shall only arrive at a proper appreciation of the 
extrinsic but not of the intrinsic value of the cycles. 

Arbitrary cycles are only resorted to when we have no clew 
to the rational connection between the phenomena and their 
ultimate causes. But the study of the motions of the earth’s 
atmosphere has progressed far enough, both from an observa- 
tional and a theoretical point of view to justify a determined 
effort to establish long-range forecasts of seasonal rainfall 
upon a higher plane than that of purely arbitrary cycles. 
Such higher methods may be empirical, but they are not nec- 
essarily arbitrary; they may be numerical and special, rather 
than analytical and general, but they may still be based upon 
a rational consideration of the mechanics of the atmosphere. 

The laws of the mechanics of fluids show that there must 
be many temporary periods or cycles. Thus, for instance, if 
there ere changes in the intensity of solar radiation, there 
must be corresponding immediate changes in the tempera- 
ture, moisture, pressure, and motions of the atmosphere. 
Every such change of insolation will be perceived for a long 
time, possibly many years after its occurrence, by the exist- 
ence of subsidiary phenomena that will spread over the 
entire globe until the whole irfluence of the change has per- 


meated the atmosphere uniformly and the periodicities have 
died away. ; 

On the other hand, without any change in solar or cosmic 
influences, but simply by reason of the production of rythmic 
changes as to pressure and wind within the atmosphere itself, 
the influence of that which is happening to-day in one region 
may be felt years hence far away. It other words, it is not 
necessary to go outside of the atmosphere to look for the 
origin of cycles and other less regular changes. The study 
of the droughts of recent years in the Southern Hemisphere 
(when elucidated by the study of a daily map, or even of a 
monthly summary of the conditions over the whole globe, 
and when interpreted by the general principle that rainfall 
at any locality depends directly upon the wind below and the 
currents above) shows why the drought of the South Pacific 
slowly advanced, month after month, northeastward into 
America, and eventually died away over Europe. The rela- 
tion between the meteorology of Mauritius and that of India, 
as studied by Mr. Dallas, or the relation between India and 
the distant southern Indian Ocean, as studied by Mr. Eliot, 
or the relation between Australia and the South Pacific, on 
the one hand, and that of Hawaii and the North American 
Continent, on the other, as recently referred to by the Editor, 
is determined by the so-called general circulation of the 
atmosphere. This latter has certain broad features that 
result from the interaction of those portions of the atmos- 
phere that are above the continents and the polar regions, 
upon those other portions that are above the oceans and the 
equatorial regions. 

In seasonal predictions for large regions the general move- 
ments of the atmosphere and certain general principles in 
physics must be borne in mind. Consider first the connection 
between rainfall and the clouds. As a general rule, the lower 
the clouds the greater the chance that rain will fall from 
them. Now, the height of a cloud depends somewhat upon 
the method of formation. If the wind is blowing against 
a mountain side, the resulting cloud and its rain are due, 
primarily, to the dynamic cooling of expanding air; the 
height of the cloud will depend upon the dew-point and tem- 
perature of the air; the quantity of rain at any spot on the 
mountain will also depend upon the strength and persistency 
of the wind. This class of rains is well illustrated by the 
perpetual cloud and drizzle due to west winds on the summit 
of Pike’s Peak or to the southeast trades on the summit of 
Green Mountain on the Island of Ascension, and also by the 
heavy rainfall during the southwest monsoon season on the 
windward side of the Ghats, and frequently also, of the 
Himalayas in India. On the other hand, when a warm wind 
is pushed aside and lifted up by an underflowing colder 
wind, as happens at the front of our “northers” and north- 
westers, we have not merely dynamic cooling due to ascent, 
but a still further cooling and, also, a drying due to the mix- 
ture of the two layers of air; the resulting clouds are colder 
because of this mixture, and the rainfall is less not only for 
this reason, but also because the mass of warm air and clouds 
is pushed forward, and is very soon entirely replaced by the 
advancing dry, cool, clear air. In general, clouds formed 
even partially by mixtures give little rain, but those due only 
to expansion give generous rain. The drizzles and daily 
showers from mixtures may, however, be very important to 
agriculture. 

Consider now the layer of air next above the lowest. After 
the lower current has left a little rain on the windward side 
of a mountain range, it partially recurves as an overflow upon 
itself. The relative amount of the overflow depends upon the 
speed of the current and its depth as compared with the 
height of the mountain range. When that depth is consider- 
ably greater than the height of the obstacle the main part of 
the current goes on beyond the range as an upper current 
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over the continent, descending here and there to the earth’s 
surface. All that portion of the continent that is under the 
influence of this descending wind is subject to dry, warm 
foehn winds, and, at the best, relatively light rains. If the 
lower current on the windward side of the range is relatively 
feeble and but little rain is deposited on the windward side, 
then but little wind will flow thence over the continent, the 
volume of the descending dry foehn winds will diminish, and 
the chances for local rains in the interior will increase. 

In general, the quantity and frequency of rain depends 
upon the heights of clouds whose very formation itself de- 
pends upon the upper and lower winds. The absolute quan- 
tity of rain depends, also, upon the dew-point, and, other 
things being equal, is, therefore, greater for moist winds than 
for dry; but the relative quantity and the relative frequency 
of rain in successive seasons are the features that determine 
a drought, in ordinary agricultural usage, for any locality, 
and these depend essentially upon the relative movements of 
the atmosphere in the respective seasons. If the movements 
are downward, or feebly upward, or if they introduce cooler 
or drier air than usual, the result is drought; if they are 
more strongly upward than usual, they bring cloud and rain. 
These principles are abundantly illustrated by the winds and 
rains that prevail in the interior of India, Australia, and 
North America. 


WATER MEASUREMENTS FOR IRRIGATION. 


The attention of the Editor has been called to the fact that 
on page 209 of the Monrnity WeaTHer Review for May, 1897, 
he has adopted the British Imperial gallon, which is used in 
many parts of this country, and has said nothing about the 
British wine gallon, which is also used. The imperial gallon 
contains 10 pounds of water, or 277.274 cubic inches. The 
wine gallon contains 8.3389 pounds of water, or 231 cubic 
inches. Records expressed in imperial gallons may be con- 
verted into wine gallons by multiplying them by the factor 
10/8.3389 or 1.21. 


oe oe 


CHINOOKS IN IOWA. 


If the term “ foehn wind” is to be used as a general name 
for all warm, dry, descending winds then, of course, there may 
be a similar propriety in the use of the word “chinook,” but 
as “foehn” has the priority of many years of meteorological 
usage, and as we have both dry chinooks in Montana, and 
wet chinooks in Oregon and Washington, the Editor would 
prefer the unambiguous Swiss or Helvetian word “ foehn.” 

The Climate and Crop Report from lowa for the month of 
December contains two interesting notes by observers. At 
Clarinda, A. 8. Van Sandt says: 

On the morning of the 29th the wind was in the northwest, soon 
veering to west. It was as mild as May and reminded me of what I 
have read of the chinook. Query: Was it the tail end of one? The 
or. 7 was very compact from‘previous melting, lost one-third of 
its depth. 


At Odebolt, E. Starner says : 


- - reed 4.—Chinook at midnight that settled the snow about 6 
inches, 

Before studying the weather maps to ascertain whether 
conditions were favorable for descending winds on these dates, 
the Editor would say that, in general, such winds may occur 
at any spot on the globe. The fact that they are peculiarly 
frequent and effective in certain regions, such as Switzerland, 
Greenland, western Montana, New Zealand, and northern 
India should not prevent us from recognizing the fact that 
they are recurring frequently in almost every other region. 
Whenever some air ascends other air must descend. There 


can be no doubt but that the famous hot winds that occur occa- 
sionally from Texas northward to Canada are descending 


winds.* It is scarcely proper to speak of the foehn wind in 
Iowa as the tail end of a chinook that had spread from Mon- 
tana down to that State, because both these terms are gener- 
ally more restricted in extent. The hot winds of Iowa and 
of Montana are generally separate local chinooks, 

On examining the weather maps for December 4 and 29, 
we find that on the morning of the 4th the temperature 
had risen remarkably in western Nebraska, eastern Wyoming, 
and northward through Dakota and Montana into Canada. 
The winds were from the southwest, the air was descending 
the eastern Rocky Mountain Slope, the pressure was 30.70 
over the region around Salt Lake City, and 29.70, or less in 
Manitoba, everything was favorable for a chinook in the 
intermediate regions. By the 5th, a.m., the warm winds had 
covered a large region southeastward to the Mississippi Val- 
ley. Evidently the whole mass of air flowing eastward from 
the region of high pressure was descending along the surface 
of the ground and did not begin to rise until it came within 
the influence of the low pressure near the Lake Region. On 
the 4th, a. m., at Havre, Mont., the temperature was 56° 
higher than on the 3d,a.m. This was an intense chinook. 
Iowa had temperatures 12° or 14° higher, and during the 
whole day experienced a moderate chinook. All the inter- 
mediate regions had their descending dry and relatively warm 
winds. 

On December 29 the conditions were very similar. The high 
pressure was over the Salt Lake region; the lowest pressure 
was over Lake Superior; the whole eastern Rocky Mountain 
Slope was covered with a layer of descending air, clear and 
dry, and, in general, warmer to such an extent that Iowa, 
Minnesota, and Wisconsin were from 20° to 50° warmer than 
on the 28th. The chinook—if it may be so called—prevailed 
from the Rocky Mountains eastward to the Mississippi. Iowa 
did not get the tail end of it but was in the midst of it. 

If “chinook” and “feehn” are terms that are to be re- 
stricted to intense local manifestations of descending winds, 
and if by the “hot winds” of the western plains we desig- 
nate only those that occur at the time of the ripening of the 
wheat and corn, when they do such injury to crops, then we 
ought perhaps to devise some term specifically appropriate 
to these widespread areas of descending winds that biing dry, 
clear, warm weather to one-half of the Mississippi watershed. 

Not only does the eastern slope of the Rocky Mountain 
region have its descending chinook winds, but so also has the 
eastern slope of the Appalachian range, a fact that was 
pointed out by the Editor as long ago as 1872. The westerly 
winds that bring fog and possibly rain or snow to Buffalo, 
Pittsburg, Knoxville, and Chattanooga frequently descend 
upon New York, Washington, Lynchburg, Columbia, §S. C., 
and Atlanta as clear dry winds, and on the average a very 
little warmer than on the windward side of the mountain 
range. One of the first indications of this action of descend- 
ing winds was observed soon after the station at Lynchburg 
was opened in 1871, when it was found that so-called clearing 
up weather and the first clear sky began at that station some 
hours before it reached Washington, and even a whole day 
earlier in the case of very slowly moving changes. 

An area of high pressure apparently represents a region 
in which air is descending so slowly to the earth’s surface 
that it cools by radiation faster than it warms up by com- 
pression. When such an area is central, as occurred so fre- 
quently during December, over the middle Plateau Region, 
the atmosphere is pushed not merely eastward down the 
eastern slope, but also northwestward into California, Oregon, 
and Washington. It is the relatively rapid descent down these 
slopes that causes the air, which is compressed by its own 

*See the article ‘Summer Hot Winds on the Plains,’ Dr. I. M. 
aan — Bureau Observer, in the Bull. Phil. Soc. Washington, 
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weight, to become heated so rapidly as to produce a decided 
chinook; consequently, during the current December Mr. 
B. 8. Pague, Section Director for Oregon, reports that— 

The month was generally warmer than usual, that in fact it was 
abnormal so far as the absence of any extreme cold is concerned. Two 
well-defined chinooks were experienced; viz, from the 5th to the 8th 
and from the 26th to the 28th. 

These dates correspond to those of the warm winds on the 
eastern slope, showing that the same area of descending air 
can produce chinooks on both sides of the Plateau Region. 
Mr. Pague says: 


The cause of the mild temperature throughout the month was the 
dynamic heating of the air, due to the high pressures over the Plateau 
Region and the high latitude in which the low pressures passed from 
the ocean eastward. Had the high pressures been persistent to the 
north of Montana, then they would not have been over the Plateau 
Region, and the result would have been different; the low pressures 
would have traveled south of the normal path, and the cold air from 
the ~ aoe would have lowered the temperatures much below the 
normal, 


If the dry air from the Plateau Region descends with 
sufficient slowness it may cool by radiation rapidly enough 
to counterbalance the warming by compression. This latter 
warming is quite an exact quantity and amounts to about 1° 


C. for every 100 meters of descent, or to 1° F. for every 
183 feet, consequently air that has descended 5,500 feet 
vertically must have been warmed up 30° F. Now, clear, 
dry air, rolling along on the surface of frozen or snow-covered 
ground in the winter season when the sun is low, can easily 
cool more than 30° in twenty-four hours. Thus, northerly 
winds and cold weather in Texas may sometimes be a direct 
continuation of air that was quite warm when it rapidly 
descended the eastern slope of the Rocky Mountains a few 
days before in Montana, Nebraska, or Kansas. But most 
frequently the cold waves of Texas are due to the southward 
flow of cold air from the Canadian regions into the Mississippi 
watershed ; the divide between the Mississippi and Canada is 
scarcely 2,000 feet above sea level and the cold air generally 
lies below the 3,000-foot contour line. The progress of such 
a cold wave, south and east, is frequently described as dense 
air underflowing, pushing aside, and lifting up the warmer, 
lighter air of the Mississippi Valley. Above this cold air 
the observers on mountain tops and plateaus, or in balloons, 
generally find air that is potentially warmer, that is to say, 
air that if brought down to the earth’s surface would by com- 
pression have a higher temperature than the air of the cold 
wave. 


METEOROLOGICAL TABLES AND CHARTS. 
By A. J. Henry, Chief of Division of Records and Meteorological Data. 


Table I gives, for about 130 Weather Bureau stations| means of the hourly movements of the wind ending with the 
making two observations daily and for about 20 others  Tespective hours, as registered automatically by the Robinson 


making only the 8 p. m. observation, the data ordinarily | 


needed for climatological studies, viz, the monthly mean 


pressure, the monthly means and extremes of temperature, 
the average conditions as to moisture, cloudiness, movement 
of the wind, and the departures from normals in the case of 
ressure, temperature, and precipitation; the altitudes of the 
instruments, the total depth of snowfall, and the mean wet- 
bulb temperatures are now given. 
Table II gives, for about 2,400 stations occupied by volun- 


anemometer, in conjunction with an electrical recording 
mechanism, described and illustrated in the Report of the 
Chief of the Weather Bureau, 1891-92, p. 19. 

Table VIII gives, for all stations that make observations at 
8 a.m. and 8 p. m., the four component directions and the 
resultant directions based on these two observations only and 
without considering the velocity of the wind. The total 
movement for the whole month, as read from the dial of the 
Robinson anemometer, is given for each station in Table I. 
By adding the four components for the stations comprised in 


tary observers, the extreme maximum and minimum temper- 


any geographical division one may obtain the average resultant 


atures, the mean temperature deduced from the average of direction for that division. 


Table IX gives the total number of stations in each State 


all the daily maxima and minima, or other readings, as indi-| 
cated by the numeral following the name of the station; the from which meteorological reports of any kind have been re- 
total monthly precipitation, and the total depth in inches of ceived, and the number of such stations reporting thunder- 


any snow that may have fallen. 
snow column are left blank it indicates that no snow has 
fallen, but when it is possible that there may have been 
snow of which no record has been made, that fact is indi- 
cated by leaders, thus (....). 

Table III gives, for about 30 Canadian stations, the mean 
pressure, mean temperature, total precipitation, 
wind, total depth of snowfall, and the respective departures 
from normal! values. Reports from Newfoundland and Ber- 
muda are included in this table for convenience of tabulation. 


Table IV gives detailed observations at Honolulu, Repub- 


lic of Hawaii, by Curtis J. Lyons, meteorologist to the Gov- 
ernment Survey. 

Table V gives, for 26 stations, the mean hourly tempera- 
tures deduced from thermographs of the pattern described 
and figured in the Report of the Chief of the Weather Bureau, 


When the spaces in the, 


revailing | 


storms (T) and auroras (A) on each day of the current 
month. 

Table X gives, for 56 stations, the percentages of hourly 
sunshine as derived from the automatic records made by two 
essentially different types of instruments, designated, respect- 
ively, the thermometric recorder and the photographic 
recorder. The kind of instrument used at each station is 
indicated in the table by the letter T or P in the column fol- 
lowing the name of the station. 

Table XI gives a record of rains whose intensity at some 
period of the storm’s continuance equaled or exceeded the 
following rates: 


Duration, minutes.. 5 10 15 DW %B 380 3 4 4 S 60 80 100 120 
Rates pr. br. (ins.).. 3.00 1.80 1.40 1.20 1.08 1.00 0.94 0.90 0.86 0.84 0.75 0.60 0.54 0.50 


In the northern part of the United States, especially in the 
colder months of the year, rains of the intensities shown in 


1891-92, 29. 
Table VI gives, for 26 stations, the mean hourly pressures as 


automatically registered by Richard barographs, except for 
Washington, D. C., where Foreman’s barograph is in use. 
Both instruments are described in the Report of the Chief of. 


the Weather Bureau, 1891-92, pp. 26 and 30. 
Table VII gives, for about 130 stations, the arithmetical 


the above table seldom occur. In all cases where no storm 
of sufficient intensity to entitle it to a place in the full table 
has occurred, the greatest rainfall of any single storm has 
been given, also the greatest hourly fall during that storm. 

Table XII gives the record of excessive precipitation at all 
stations from which reports are received. 


| 
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NOTES EXPLANATORY OF THE CHARTS. | Chart I1I.—Total precipitation. The scale of shades show- 
Chart I—Tracks of centers of high pressure. The roman ing the depth of rainfall is given on the chart itself. For 
isolated stations the rainfall is given in inches and tenths, 
letters show number and order of centers of high areas. The when appreciable; otherwise, a “trace” is indicated by a 
figures within the circles show the days of the month; the capital (7 and no rain at all, by 0.0. 
letters a and p indicate, respectively, the 8a.m.and8p.m., Chart 1V.—Sea-level isobars, surface isotherms, and re- 
seventy-fifth meridian time, observations. The queries (?) sultant winds. The wind directions on this Chart are the 
on the tracks show that the centers could not be satisfactorily computed resultants of observations at 8 a.m.and 8 ». m., 
located. Within each circle is given the highest barometric daily; the resultant duration is shown by figures attached 
reading reported near the center. A blank indicates that no to each arrow. The temperatures are the means of daily 
reports were available. A wavy line indicates the axis of a maxima and minima and are not reduced to sea level. The 
ridge of high pressure. pressures are the means of 8 a. m. and 8 p. m. observations, 
Chart I1.—Tracks of centers of low pressure. The roman daily, and correspond to Professor Hazen’s system of reduc- 
letters show number and order of centers of low areas. The tion; the barometeris not reduced to standard gravity, but the 
figures within the circles show the days of the month; the necessary reduction for 30 inches of the mercurial barometer 
letters a and p indicate, respectively, the 8 a. m. and 8 p. m., is shown by the marginal figures for each degree of latitude. 
seventy-fifth meridian time, observations. The queries (?) Chart V.—Hydrographs for seven principal rivers of the 
on the tracks show that the centers could not be satisfactorily United States. 
located. Within each circle is given the lowest barometric Chart VI.—Total snowfall in inches and limits of freezing 
reading reported near the center. A blank indicates that no weather. 
reports were available. A wavy line indicates the axis of a Chart VII.—Depth of snew on ground at the close of the 
trough or long oval area of low pressure. month. 


= 
~*~ 


ge | BE LE SE skates: SE EEE. EE EEE SE EES 


549 


MONTHLY WEATHER REVIEW. 


DeceMBER, 1897. 


TaBLE I.—Climatological data for Weather Bureau Stations, December, 1897—Continued. 
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Tasie II of ettuntary and other cooperating obserers, December, 1897. 

“Temperature. Precipita- ‘Temperature. Precipita- Temperature. | Precipita- 
(Fahrenheit.) tion. (Fahrenheit. ) tion. (Fahrenheit.) tion. 
| 
| 12 z | z 
3 2 3.12 
Stations. | Stations. By | Stations. Bs 
gig oe ¢ oe | gig ob 
3 ee Ve 2 = Be Se 
| a 3 ¥ = a = 3 
| | | | | | 
| Ine. | Ins. Arizona—Cont'd. ° o | Ins. | Ins, | Ine. | Ins. 
7 | 52.6) 4.58) Sulphur Spring Valley.. 0.07 os 6) 26 45.2 1.79 | 
69 45.2) 7.04) T. Texas 70 27 46.1 0.00) 64) 44.1] 1.60) 
7% | 58.2) 3.65 Tombstone ........-. 69 19 44.8) 0.23) 1.5 Durham*!........... coos} G2) BF | 44.9) 2.15) 
Birminghamt.... 70) 2% 49.3) 6.52 58 1 0.2 4.0 East Brother L.H....... 1.15 | 
Bridgeportt.......- lessees | 8.03 TUCSON CF so. 16 48.8) 0.11 Edmanton*! ... .. 56 13 34.0 5.21 | 18.0 
Citronellet | 28 53.8) 3.58 | Whipple Barrackst ..... 33.3 0.42 $.2 85) 2 52.3 0.19) 
Clanton ¢ | | 48.8) 1.05 | White 65 16 41.2, 0.20) T. Escondido 18| 45.2) 0.75 | 
Daphnet... 7% 52.6) 4.3 Willcox **......... ee 61 13 39.2 0.21) «0.7 Fallbrook *! 86 30 50.8 0.38 
Decaturt .. | 48.4 8.83 | T Williams ........ 56 —12 «30.8 0.15 1.5 Fordyce Dam....... 18.0 
Demopolis. 5.81 | Arkansas. Fort Braggt | 2.28 
Elbat...... 51.0 | 2.66 | 7 40.8) 6.52) 0.5 Fort Ross 35 8.4 6.16 
Eufaulaat... 82 2 | 51.2) 2.20 6.15 | 1.72 
Evergreen ... -| 48.8) 1.80 Beebranch °....- 81 12 39.2 4.98) 8.0 | 44.2) 5.57) T. 
Florence 8.97 | T. Blanchard Springs. 71 21 45.3) 9.11/ T. Glendora ...... 0.15 | 
Florenve dt. 69 44.8) 8.36) T. 315 2.0 Goshen 68) R 42.9 0.365 
Gadsden ...... 6.56) Camdenat .........- | 6.46 | Grand Island **........-; 62 46.0 0.96 
Greensborot ....-- 72, 47.38) 6.05) Camden ... 20 43.6) 6.51 | Grass Valley 3.52 1.0 
Hamilton. | 69 19 43.8 11.20, T Canton *'.. 68 | Greenvillet ............., 10, 84.2) 3.738 2.0 
Healing Springs + | 50.3) 6.89) Conway 7 16 40.4 6.00 10.0 Guinda.......... 1.35 
Highland Home t......- 72; 82) 52.1) 2.56 Dallas. 68 10 40.6 4.79 5.0 Healdsburg *!...... 56) 26) 41.8) 3.01 
JASPET BB | 12.13 Dardanelle. 2.74 7.0 Hollister 46.0) 1.47 | 
70| 44.4) 6.74 Fayetteville? 73 10 37.1 1.0 Hydesville ............ | 66) 2 47.0 4.11) 
Madison Stationt........ 6 22 42.1 | 7.96 Forrest ... 72 22 39.8 6.62 Indio®® os R2 20 53.3 «(0.00 | 
Maple Grove 21 | 43.8 | 7.24 5.43 Iowa Hill*!. .........- 42.0 5.31 
- 2% 49.4 5.67 Hardy Ot 18 36.6 4.85 brevis 3.18 
Mount oun 2 51.8 4.01 Helena Gf | §.31 1.6 || soe 0.46 
Newbern? 72; @ 49.0) 5.33 Helena d...... 72 20 43.6) 6.88 )|...... Keene*?®......-- | 24 43.3 3.02; 1.0 
9.81 0.2 Hot Springsa 78 15 42.8 1.7 Kennedy Gold Mine | 63 25 44.0 3.26 
Newton? 78 2 52.0, 2.34 Hot Springs 5.64 0.4 Kernville........ 1.14| 4.0 
Oneonta 46.2) 7.68) T. Jonesboro .. 66, 21 38.0 King City*® ........... 68 20 45.3 0.32) 
Opelika t 72 29 «449.9 3.33 Keesees Ferry 68 16 37.2 5.41 0.8 Kingsburg*® ........ cose] 22 42.1 0.60) 
Oxannat 66 23 | 43.7) 6.10) T. Lacrosse . 59 10 32.2 4.7%5| 1.5 Kono Tayee..........-- -| 36 44.0 2.12 
Pineapple coos] 2 51.6 6.08 Lonoke*! ....... 2 6.49 6.0 Lagrange*®............ 28 46.8 1.38 
Pushmatahat ........... 76; 50.4/ 5.17 Luna Landing*®. ...... 75 25 45.0| 7.15) 58 13 33.5 6.63 16.0 
Riverton «+++ FO 24 43.3) T. Lutherville*! ..... 68 19 | 30.6 Lemoorea*?®....... 18 41.3 0.24) 
46.1) 4.07 68 18 36.6 6.96, 1.0 Lick Observatory ..... --| 270) 20 
Scottsboro 66) 43.9 7.18 T. 70, 26 42.6 |.....- |... | Limekiln ........ 46.5 )..... 
Selma t.....- 79) 26 48.6) 4.13 Marvell 2 43.2) 7.30; 3.0 Lime Point L. es 1.44 | 
Sturdevant..... Monticeilo........ 6.68; T. | Lodi..... 62 4.7) 1.87 | 
Talladega *' ...... 314.2) 5.48! T. Moore ....... 6.43 8.3 LosAlamos..... 0.25. 
4.11 Mossville ........ 67 14 36.2 6.06) 0.2 Los Gatosd......... 60 30 46.0 1.81. 
Thomasville. ..........- 73 49.8 4.48 Mount Nebot. & 16 37.2) 6.35 9.8 Lytton S prings | 62 30 46.4 3.11 | 
69 29 «47.9 8.08 New Gascony*!.......... 76 23 41.4 7.70 1.5 alakoff Mine 72 24 42.0) 5.41; 2.0 
Tuscumbia ...........-.- 68 2 44.1 8.45 SF 6.96 5.5 Mammoth Tank **...... | %% 32 «(53.6 T. | 
Uniont ......-. 49.0) 5.22 Newport ht 70 37.8) 6.88 7.0 MareIsland L.H..... ........ 1.37 | 
Union Springst.......... 77 | 2 580.0) 2.78 Newport ct. 70 16 «39.2 6.72 6.0 Merced*®..........+ 68 26 44.7 0.75 
Valleyhead.......... 8.19) T. 22 39.3) 4.52) 6.0. Milton (mear)*!........ | 64 32 49.0 1.50) 
8,71 Ozark 68 16 40.0 3.0 Modesto**..............) 2947.1 0.54 | 
76 49.2) 4.36 Picayune t 6.52) T. Mohave®® 70 15 42.3 0.00) 
| 5.62 Pinebluff t......... 73 23 43.3) 6.93 | Mokelumne Hill**..... 30 43.0 2.30) 
Arizona. Pocahontast ...... 17 36.0) 5.44 0.1 68 30 50.0) 1.25) 
Antelope Valley ........ 0.40 6.0 Powell *t!....... 66 18 4.61) 1.0 Napad........ 64 26 46.9 
Arizona Canal Co.Dam. 79 26 53.2) 0.39 | oof 19 40.4 4.60) Needles ....... 72 29 49.5 0.10) 
Benson 7 | | Risom............ 23 43.0 6.08 ONY 66 22 41.3 3.71) 
CF 24 «445.0 0.44 3.0 Russellville . 18 38.5 4.79 7.2 Newcastle a...........- 64 | | 
Buckeye? 84) 49.6) 0.10) Silver Springs . 68 12 35.0 3.19 2.0 | Newhall**....... | 80 | 
Calabasas 73 18 44.4) 0.00 69) 15 384) 4.93) 5.0 North Ontario........... 86 28 52.4 0.43 
Casa Grande*®.......... 88 43.7 0.00 SEAMPS 82 18 46.4) 4.68 | North San Juan*!......, 65 24 443.1 1.65 
Cedar 42.6) 0.68 6.3 Stuttgartt..........- FO 22 40.9 5.74 2.5 Oaklanda 6B 32. 47-5 92.49 | 
Congress .....- «++ 77) 2% 30.4) 0.87 6.8 Texarkanat. ........--- 78 W 43.0) 4.45 “St 
Cleves ceases | 0.00 Warren 73 23 46.0 6.45 @& 2440.8 3.01 
Dragoon Summit 62 | Washington *+! 17 43.5 6.66) Orangevalet | 60 2% 45.0 1.92) 
Dudleyville . 21 45.8) 0.37 Wiggs * 71 18 42.0 5.98 2.9 Orland 65) 2 | 49.0) 1.41 | 
Empire Ranch . 64 18 40.0 0.30 3.0 Winslow........ 65 10 34.6 8.10) 6.0 Oroville 66 28 46.5 1.9 
Farleys Campt.....-.--- 76 6 53.2| 0.60 67) «12 96.1) 5.27) 8.0 Pajaro 961580) 2.00 
Flagstaff t...... | —10 | 27.1 1.50 15.0 ‘ornia. GB 20 44.2 0.45. 
Fort Apache. 6) 9 36.1) 0.57 4.8 70 26 46.1 1.45 Paso Roblesd...... 69 16 43.6 0.23. 
Fort Defiance. —8 24.9 1.15 11.5 86 27 51.7) 0.22 Peachland *!..........- | 63 2% 45.4 4.01, 
Fort Grantt.. 69 19 44.0) 0.34 ...... 68 24 44.4 |......- Piedras Blancas L. H... ...... 
Fort Huachuca t... 71) 17) 44.5) 0.65 AZUSM Gil | Pigeon POINt 
Fort Mojave.. 48.6 0.00 Ballast Point L. 0.99 | Pilot 7.59 6.8 
Gilabend a** | 51.3) 0.00 Bear Valley | 5-96) 10.0 Pine 83 39 58.4 0.00) 
Gisela ...... - 68 18 44.2. 1.08 4.2. Berkeley 61) 95 | 48.2) 2.71 Placerville ...... 2 | 90.7) 2.43 
Holbrookt . -| @& 5 31.0 0.34 3.0 ~ 10 40.9 0.49 1.0 Point Ano Nuevo L, 0.90 
Jerome ..... -| 68) 19, 42.7) 1.17, 11.7 1 24.4/ 2.72 15.0 Point Arena L.H..... 
Lochiel . 69) 2 41.6) 0.18) 1.5 48) —20 20.2| 2.58 |...... Point Bonita L. H.......|....+- 2.88 | 
Maricopa*?. -| 8) Bowmans Dam*t!....... 20 38.3 5.31 13.0 Point Conception L. H...... 0.23 | 
Mesat....... 76 | 2 | 47.8) 0.30 Caliente *® 72 47.7 | 2.02) Point Fermin L. H ..... 0.25 | 
Mount Huachuca 70 19 43.2) 0.39 2.0 Campbell ...... 66 3 45.4 1.17 Point Hueneme L. 0.02 | 
Music Mountain..... 67 13 39.2 0.30 1.9 Cape Mendocino L. H... ...... cceee)eee0ss | 6.10 Point Lobos.......-.---- 59 839 49.2 1.54 
Natural Bridge cose] 0.95 T- Castle Pinckney *! .... 37 (0.00) Point Loma L. H........ 0.25 
Oro Blanco ..... 18 44.0 0.12 T. Codarvillet 57 7 30.5, 2.31 5.0 Point Montara L. H.........-- 
Pantano*®® 78 48.5 0.25 Centerville*'. 68 32 51-2 | 1.9 Point Pinos L. H « 1,80) 
POPREP ‘| 79 21 48.4 0.50 Chico **....... 69 2% 48.4 2.38 Point Reyes L. 1.88) 
68) 46.8) 0,26 80 49.4 0.71 | Pomona 84 26 49.8 0.96— 
17 46.3 0.08 | Corning **......... 27 43.0 1.60) *? 89) 41.7 0.72 | 
St. Helena 0.84 T. | Crescent Cityt........-. 67 31 48.0 10.66. avenna 88) 46.7) 0.11 
San Carlost...........| 7 41.8 | 0.59 Crescent City | Redding 68 45.9 3.60) 
San 18 43.1. ..... | DOUNE eee 3.87 Represa 62 45.1 2,04) 
Signal t 74 23 45.8 0.24 Delano? 68 25 44.7 0.30 Rio Vista..... 65 24, 44.2 124 
39.8 | 0.53 5.8 67 25 43.5 | 6.05 ...... Roe Island L. H.. | 0.78 | 
68'—4 83.3!) 1.22) 12.5) 74! 18 46.4! 2.90! 5.0. Rosewood...............5 68) 41.6) 2.11 
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TaBLe II.—Meteorological record of voluntary and other observers—Continued. 
Temperature. Precipita- | Temperature. Precipita- | Temperature. | Precipita- 
(Fabrenheit.) tion. | (Fahrenheit.) tion. (Fahrenheit.) tion. 
Stations. | Stations Ex = - |i Stations. |e. 
| | | 
California—Cont'd. ° | | Ins. | Ins. Colorado—Cont’d. | | | Ins. Ins. ° ° | © | Ins | Ins. 
Sacramentod 61 26 45.0) 1.59) cess | Gl | | 20.6) 1.85 | 18.5 || Albanyt.. 29 | 54.2) 2.59 
6B) 25 | 48.2) 0.82 Minneapolis t 71) — 1) 32.0, 0.10 1.0 Allentown 73 | 28 50.6) 1.86 
Salton | 28) 52.5) 0.00 Moraine | 47 | — 6 | 24.4) 1.20) 14.0 || 29 | 51.4 2.60 
San Bernardinot........ 83 25 | 50.2] 0.57 Pagodat....... 47 —28 14.9 3.03 | 30.0) Athens 2 | 44.0/| 2.88 
San Jacinto ............. 82 | 20/| 46.2) 0.47 Paoniat 0.55 5.5 Belleville 78 27 | 52.7 | 2.57 
San Leandro*?.........-| 78) 35 | 52.6) 2.43 || Parachutet........... 44 O | W.1 ...... Blakely t..... | 7 31 | 53.4 | 3.20 
San Miguel*®............| 66 15 | 43.3 | 0.27 | 1) 20 | 41.4) 6.00 
Santa Ana *®........ 31 60.8 0.00) 46 | —12 | 20.6 | 2.02) 20.2 || Columbus............... 74 30 | 51.4 | 3.13 
Santa Barbaraa........ S4 32 54.4 0.00 | Rockyford. ..... —8 26.7) 1.06 6.8 Covington 63) 22) 42.4) 3.07 
Santa Barbara L. H.....)...... ...... | 0.04 Ruby ...... 5.75 57.5  Crescent...... | 80) 32) 55.5 3.24 
Santa Claraa ...... 1.29 | | Sa achet 3B) 18.8) 0.40 4.0 66) 23 | 43.2 | 6.08 | T. 
Santa 27 40.4) 2.13 | | 57 | —10/26.4| 0.77| 7.8 || Diamond .......... 41.9] 7.97] T. 
Santa Cruz L. 1.93 | || San Luist..... | —25/ 18.8; 1.40) 14.5 | 68 22 43.0 | 3.35 
Santa Maria..... | 88] 28/ 51.3 0.55 Santa Clara *!........... 61|—5/| 1.80; 18.0 || Flemingt ............... 75 26 | 52.6 | 2.75 
Santa Monica*® ........ (56.6) 0.00. Ren 0.65 6.0 | Franklin... ......... 70 | 288] 50.14) 4.31 
Santa Paula... ........ -| 82 | | Smoky Hill Mine..... 66) —6 26.4) 0.70 7.0  Gainesville......... 65 2 | 43.7 | 2.7 
Santa Rosa**..... 63 26 | Springfield .............- 0.11; 1.1 |) Gillsvillet .......... 65 2 45.4) 3.91 
| 0.00 || Stamford *! ........... --| 58/—10| 19.8/ 2.00| 20.0 || Greenbush .............. 68} 23 /42.9| 7.69) T 
Shasta....... 4.81 Steamboat Springs...... | 61) —33 15.9) 2.70) 27.0 Hawkinsville . 19 | 47.3 | 2.58 
Sierra Madre............ 81; 33) 54.2 0.69 Strickler Tunnel........ | 0.50 8.0 Hephzibah 34 | 52.0 1.60 
Sneddens Ranch*'..... | 66 |} —8/ 25.2) 0.05) T. | Surface Creekt ......... | 60|—8/ 25.0; 1.02] 9.5 || Jesup.......... 29 52.4) 2.54 
8. E. Farallone L. 1.74 | T.8.Rancht 54 | 0| 23.2) 0.54 5.8 Lagranget........ 7 25 | 50.5 | 1.75 
Stanford University....| 64 26 | 45.0 | | | 0.45| 3.0 28 49.6 0.62 
Summerdalet........--- 61| 12| 96.6] 4.57| 14.0|| | —23/|12.8| 0.50/ 5.0 || 68 26 | 43.8) 3.91 
Sutter Creek *5... ......| 58) 21/38.7/ 1.58 | Wrayt........ 62)—8| 26.7| 0.31] 2.5 26 | 51.6 1.56 
69| 47.2) 1.7 | 1.00 | 10.0) 76) | 2.89 
Templeton 62 20 | 38.6 | 0.30 | i| Connecticut. | | Mount Vernon ....... ot 32 | 52.6 | 2.60 
| 6.76 Cantont..... 58, —1/ 29.4) 5.71) 11.0 Newnant...... 29 | 42.4 3.37 
Truckee 56 | — 4 26.0) 3.15 19.5 || Colchester....... | 65 5.55] 7.0/| Piscola......... 82 55.4 4.05 
Tulare d....... 0.93 | Middletown ....... | 60 2/32.7) 5.85 3.5 Point Peter........ 68 | 22 | 43.8 | 3.05 
TUlare | 72 22 46.2) 0.79 | | New Londont.......... -| 54) 7 | 31.6) 4.55 | 8.1 |] 79 25 | 52.6) 2.11 
Turlock ....... | 65 27 | 47.4) 0.67 | | 31.8) 5.49 5.5 Quitman 81 27 | 54.4 3.80 
Ukiaht ........... | 6) 44.2) 3.77] Southington * | 30.7) 6.35 | 7-0 Ramsey 69 23 | 46.0 6.50! T. 
Upper Mattole*!........ 32 | 48.9) 7.58 Storrs ....... 59 «8: | 80.7| 5.61| 6.0) Resaca... | 7.16 
Vacavillea*!............ | 46.6 2.08 | Voluntownt. 33.4 | 6.31 5.0 Reynolds. 
82) 51.6 0.00 Waterbury ...... 60 «83.4, 5.99; Romet. 69| 27 | 44.1) 6.88 
Volcano Springs **...... 81; TT. | West Cornwall t 55 3 29.6 4.53) 13.0) Talbottont..... 74 30 | 49.2 1.51 
Walnut Creek....... 64 27 | 47-2) 1.36 | Windsor....... 55 1 29.4) 6.26) 9.3 Tallapoosa..... 19 | 44.6 5.07 
West Palmdale*'...... 65 11| 41.3! 0.14] T. Delawar | Thomasvillet 31 | 54.4 3.26 
Westpoint. | 4.64 Milford... 71) 16 41.3) 3.85) T. | Toccoat...... 65) 18 | 44.8 4.44 
Wheatland t ...... 60 43.4) 1.89) . 68 12 | 40.0! 3.83 | m\ ashington+.. +e 
Williams **.... -| 67 | 47.3) 0.85 | Newark ........ 61] 85.4 | 3.78] 1.5 || Waycross 75 | 381 /52.6| 8.00 
Wire Bridge*®..... 61) 44.6) 3.26, District of Columbia. Idaho. | 
Yerba Buena L, HH.....-. 0.90 | Distributing Reservoir*®) 65 14 38.2 3.37 American Falls.....-...| —9/ 25.9) 1.57 |...... 
Yrekat | 56) 18| 36.8) 3.76 | Receiving Reservoir*®... 64 18 | 87.6 | 3.45 |...... | Blackfoot t...... 42/—9/ 22.6) 0.96| 3.1 
| 29/41.9!| 1.78 West Washington.......| 70 13 | 37.7 3.68 0.5 | Boise Barrackst ........ 53| 12 | 22.6 | 2.30 4.2 
Colorado. Florida. || Burnside 42| —11 | 19.6! 0.938] 7.2 
Antlerst....... |} 21.4) 1.39| 15.0 |) Bartow... .. 31 61.8| 2.62 41 —12 17.6 3.00) 30.0 
0.0.0 0.64 6.2 || Boca 85 49 | 1.74 || 40> —16 19.8 0.60 6.0 
Boulder ...... 65) — 1) 30.6) 0.70 9.0 || Brooksvillet........ 8! 38 | 60.2) 2.08 Fort Sherman t.. BO 6 | 29.6 4.55 7-9 
Boxelder .......... | 0.85 6.0|| Carrabellet............ | 36 | 56.1 6.50 17.8 | 1.95] 19.5 
Breckenridget .......... 49 | —31 | 12.2) 2.25 22.5 | Clermontt.............. 2.52 45 | —27 | 20.4) 2.10! 21.0 
Canyont 0.39 De Puniak Springs...... 3.15 Idaho Gityt ee] — de] 26.4¢) 4.10] 16.8 
Castlerock . 65% —12* 28.2) 12.3 Earnestville............+ 38 | 61.4 2. | Kootenait........+.. 5.34) 35.0 
Cheyenne —10 | 26.6| 0.20 2.0 | | 80| 43 | 64.6]. ..... —16| 10.4 | 1.50| 15.0 
Collbran. | 1.90) 19.2) Eustis t.......... 38| 61.4| 1.72 | Lakeview 48 8| 30.5 4.96) 4.0 
Springst ...... 0.06 1.4 Federal Pointt.......... | 35 | 58.6 3.71 | Lewiston...... 1.5 
63 —3/2.6) 0.45 3.0 || Fort Meadet ............ | 86 35 | 59.1) 1.68 Lost | 0.78 7.4 
CROOK | @2| —13| 95.8 |....... || 96) 41/657) 1.07 || Marysville .............. 43° 16 | 18.3° 3.60 | 30.0 
Delta | 82 22.0] 0.95 |...... | Gainesville.............-/ 81! 36|57.2| 4.35 || Minidoka 49 | — 8 | 22.4) 0.85) 8.5 
Dumont+.... | 0:85 | 8.5 || Grasmeret ....... 2.55 Moscow 6129.8) 2.56] 3.5 
urango..... | 50 2/25.4| 1.99) 19.3) 79! 38 | 55.7 | 2.88 | Murrayt....... 7|—3| 26.6) 5.27] 26.0 
Fleming 0.60 5.0 Huntington .... . 38 | 60.1| 2.69 | Nampa . 49 9} 90.5 | 2.25]...... 
Fort Collins t...... 63 —11 | 25.4) 0.67 5.5 | Kissimmee ..... | 2.94 || Oakley ........ 5) 28.2) 1.00) 7.0 
‘ort Morgan ............ 0.19 2.6) Lake Batler . 82) 82/55.4/ 1.98 4.49] 12.5 
OX | 0.75 | Lake Cityt..... 82 34/59.6| 4.10 46] 141 17-4] 0.76 
Garnett..... | 0.82) 3.8} hy 52/|70.4| 1.00 || Payettet -| 80| 14/82.8/| 2.62] 4.8 
Georgetown............. | | Macclenny 81| 32/ 57.4| 3.25 14/36.2| 0.87] T. 
Gleneyriet .............. 59 | — 3/ 29.0 0.87 | 4.0 || Manatee S4 34 62.4 2.60 
Grand Junctiont........ 44 — 6) 2.5 0.40 | 5.5 | Merritts Island ......... 47 65.2| 2.18 Maries 48) 10| 81.4 6.49/ 7. 
Greeley t..... 61 | —10 | 23.3) 4.0|| Mullet Keyt.............| 78) 46 63.2) 2.03 50 | — 4/| 28.4) 3.77) 18.2 
Gulch 46|— 22.4! 1.00) 10.0 || Myerst..... 82) 43 65.1) 1.06 Soldier? ...... 48) | 17.9 | 2.76] 2 
Gunnison..... 48°} —24¢| 13.8) 0.30 | 3.0| New Smyrna....... 82 35 | 61.2 | 2.19 Swan Valley bonnes 46 | —22 19.2, 1.66) 16.5 
Hoehne....... 65 1.0] Oakhill 84) 46| | Warrent 48/—18 | 26.8! 1.32]..... 
0.23 1.0) Ocalat ...... 84) 82 60.5! 3.08 Mlinois. 
0.30 3.0 Orange City ..... neni 84/32 61.1) 2.21 72] 10 | 88.6) 4.60] 4.5 
Holyoke (near). 0.42) 4.0| Orange Park ............ 78, 32/| 57.0! 3.54 59/—2/27.6) 5.5 
‘| 0:60 | 86 2268 | | 21-1 | 1.80] 7.7 
Hugo (near) 65) — 23.6) 0.22 3.0 || Oxford | 34 | 60.3 1.20 | Atwood 2 26.3 4,22 |...... 
66) — 7) 27.4) 0.26 4.0 Perry ®..... 2855.9) 4.24 AUTOFAG ... 54) — 9 | 23.4) 1.82) 2.7 
Lake Morainet.......... 47|—3/21.4| 0.70| Plant City............... | 86) 82) 62.6) 2.24) 5B) — 8/228) 1.67) 7.0 
Lamar t 67) —1/ 20:8) 0.14 0.8] St. 32) 60.8) 1.86 Bloomingtont...........| 56|/—6/25.4/ 2.00| 4.0 
0.70 7.0 St. Francis Barracks.... 78 36 58.7 2.50 Bushnell t..........- —6/25.0) 1.69] 4.0 
Las Animast........... 60 | — 3 | 27.8 0.20 )...... || Sebastian .......... 42 | 66.5 | 2.27 | Cambridge ........... 1.61] 10.4 
45 | —14! 18.2| 1.39) 14.6! Tallahassee t............ | 84|84.5| 5.27 || Carlinvillet ............ | 61 5 | 30.0 2.89] 1.0 
Leroyt.... .. — 24.6) 0.81 7.2) Tarpon Springst........| 82 33 «59.4 | 2.48 |] Carlyle ... Be 
48/—9/ 926) 0.58| 5.5 || Wausan ......-... 7S | Carrollton 7 27-6 1.94| 6.0 
Loveland ....... 0.63 Georgia. Charleston 6 | 30.0 3.05) 3.4 
Manitou Park...........| 55 | 3-7) 0:88 8.0 | Adairsvillet ..... 67 | | 43.2) 6.21 48 — 12/191 1.40/ 11.8 
Rrev——5 
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II.—Meteorological record of voluntary and other cooperating observers—Continued. 
Temperature. | Precipita- | | Prectpita- | Temperature. | Precipita- 
(Fahrenheit) | tion. (Fabrenheit.) tion. | (Fahrenheit) 
3 8 | 13 
= a — 
Mlinoie—Cont’d. © | | Ing Ing, Indiana—Cont'd. clololy owa—Cont’ 
Clone 66 2 2.8 , 3.90 2.8 Hammond ¢ ............. —7 5.9 Humboldt? | 18 16.4 
Danville....... 50 | 29.2 243 Knightstownt....... 6 5/814) 280! 5.5 | Iowa Fallst......... 43 | —18 | 18.6 | 2:00 
Decatur | 2 2.54 1.5 Kokomot 59 246) 4.0 Keosauqua ............| 53 —8| 23.3 10.0 
2. 17| 7. ayettet............... 61 296! 1:2 Knoxville — 91 
Dwight + 54/—6/ 24.1 1.50| 5.0. Laporte.......... 89/988 | 124 La ae 
ses |—8 | |...... 9.5 Marengot...... | 10| 8.02) 5.2 | Larrabeet........... 
Fort Sheridan ¢.. —1/23.6 1.51) 6.8 | Mariont................. 6O 2/300 1.85| 2.8 | Leclaire................. 
Galvat 10/222 1.08) 6.3 Mauzyt....... 64 | 31.6 3.24) 9.1 Lenox*!....... 
Glenwood *t!........... 56° —7 24.6° 3.0 Michigan City*™........ | 6197-7 |....... 
Golconda t .............. 70 3.38 Mount Vernont......... 398] T. | Malvern 
Grafton t 2.92) 25 Northfield t...... 295| $.0 | Maquoketa .............) 48 | 1101) 
6a if 87.5 4.79 3.0 Princeton *! 6 15/353 1.13) 5.5 | Marshallt...............) 45|—15| 16.8! 1°75 ise 
| Richmond.......... .... 64 5/323 2.42| 25 | Mason Cit @| —15 14. ; 
Griggsvillet............. 61/—1/%.6 234 ..... . | Rockport ...-.......- | 88.3 
Hilleborot.. ...........| 6/99.8| 2.82/40 | Shelbyville...... ......., 8|826| 250| 4.0 | Mount re 
Iron.....++- 68 12 35.5 2.91 0.5 South Bendt............ 58 —2/ 26.6 3.50! 22.0 | Mount Vernona®!......| 47 | —13 
Jordans Grovet........- 64 38:8 4.13 1.7. Terre Hautet........... 68 320 3.0% | 0.8 | Newtont @\—isiiee| se 
Kankakeea+........- opekat....... 56 —9/ 28.0 ....... 5.0 | North McGregor........ 
Vevay...... 70) 87.0 2.00! 1.0 | Odebolt .. —15 18.3) 1.70 
ONZE — 7 BT 1.36 2.5 | — 5) QB. oe 
64  9/82.8 295 33. Healdtont........ 76 9/299.0 1.95! 5.0 | Ovidt | | 
Mascoutah 6 1 34.0 2.73 5.2 South McAlestert....../.. 5.2) 5. pids ... 
Carmel? 4.88 8.0 Adair...... 0.9 | 9.5 | Sidney... 1.98) 
1.74) 3.5 | Amesd.......-..... 42 | —15 | 15.4 |...... | Thurman 48 | —19| 19.6 | 1.61 
Palestine? 7/98.6| 3.18| 4.6 | Amen (near) 1.56 | 15.6 “Toledo | | 
Be! 2.98 Atlantict.. 45 1:50] 15.0 | Villiscat ................ 132 
Peoria bt... 1 97-4 1.16 Belknap. i) —6/20.2| 49.0 | Washington 50) 188 
GO 2/936 2.65 Belleplaine —16/ 15.8 2.20) 20 | Washta ........... io 
22 32.9 Bonaparte t . 30 |—8/|21.8| 1.97| 18.0 || Waterloo......... ......| 4 | 1. 
Rantoult.... 87 2.32 5.7. Britt....... 44 —16 13.4 1.10) 10.7 | Waverly ..... mel nes! we 
54 —6/214 1.4 10:0 Burlington || Wenner 
SE) 90.2) 1.50/ 6.2 | Carroll . 43 —16| 1:71| | | 482 | 
St. Charles — 8 Charles City........ 43 —15/ 13.0 1.65| 16.5 | Winterset t....... 49 | | 18.4 | 
Scales 48 —18 18.0 1.66 9.6 | Clinton 3 | 863 82/09 45 
3.4 1.82 3.5 | College Springs ......... —10 214 1.20) 12:0 | Achilles Om 
21.0 4.1 | Corning... 2-2) 1.15) 11-5 | Altoonast? | 
20.2 3.93 1.5 | Crescot.......... 43 —17 | 12.4) 0.89 | 
| 25.4) 1.81) 4.8 | | —15 | 14.2) 1 19 | ‘0 | Atchison ¢............... rime 3. 
28 | 60 | —18| 17.0] 1.30] 18.0 | Beloit 0 28.2 | 0.39 
| ..- 48 —18 17.4 1.44) 15.3 | Burlingtont....... ..... 68 | 31.3 1.36 2.0 
6 | 43 14.6) 1.57! 15.0 | Campbell................ 55 —2/268! 0:90 13:5 
ono! | 21.0 res 70 —14 | 26.7 0.47 5.0 
28.2 2.95 6.2 | 45 —18| 1.03| 10.5 | Coolidge? 015 10 
6 32.3 3.24 5.0 | Fayettet...........-.... 1.60| 165 || Deedes 0:80 
60 —2 1.87 4.5 | Forest City.............. 41 —17/ 13.6 1.56| 18.0 | Ellinwood? ............| 6 —1 20.5) 0.34 4.9 
70 37-6 3.10, 1.5 | 55 2/25.9 7:0 | Emporia 684) 1.05 4.0 
94.7) 288 64 | Galva | —19/ 17.0]....... | Emglewoodt......... 72) — O18 25 
Golambia City®!........) —8 235 4-0 | Grand 49 —10 5.6 12:8 Bureka Ranch? 
Delphi... GL — 3 2.64) 8.0 | Grundy 2 ins | 19.0 ; 13:0 
wardeville*t}......... 69 10 36.8 3.00 6.8 | Guthrie Center 51 —16 | 18:1 1.61 16.7 | GardenCityt.........| 65 —5 29.0| 0.50 3.5 
62 5 312 1.72 3.8 | Hampton................ 42 1:19| 150 | Garfield 6 
Green 1/812! 3.97! 4.6 || —10/ 19:2! 1:82 || 90/7 O80! 
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Stations. 


Kansas—Cont’d. 
Grenola 
Halstead ..... 
Horton .....- 
Hutchinson ....--- 
Independence 
LAWIence 
LODOTF 
McPherson «++ | 
Manhattan }.........- 
| 
Marion 
Medicine 
Minneapolist 
Morantownt 
Morland ....... 
Mounthope *! 
Ness City ..... 


Pleasant 


Toronto . 
Ulysses 
Viroquat.. 
Wallace*'... 


Bardstown 


Blandvillet ...........-- 
Bowling Greena*!...... 
Bowling Green /t......- 


Burnsidet........ ales 
Camton 
Carrollton 
Catlettsburg *t'........ 
Earlington*!............ 
Edmontont .........+.- 
MsOr...... 
Eubank ............ 


Falmoutht....... 


Fords + 
George: 
Greensburg ¢t ........... 
Henderson 
Hopkinsville 

2060 
Leitchfield t............- 


Marrowbonet..........- 
Middlesborot........... 
Mount Hermon.......... 
Mount Sterlingt .. 
Owensborot........ 
Owentont....... 
Paducah 
Paducahdt.............. 
Pleasure Ridge Parkt.. 
Richmond ¢ ............. 
Russellville +..-...---. 
t. Johnt.... 
Scott ...... 
Shelby City............ 


Vanceburg............ 
Williamsburgt.......... 


Louisia 


uge ; 
Cheneyville t............ 


Total depth of 


| 
| 


~ 


° 


BS, “Mean, 


ezz° 

: 


Reon 


ERE SE 


S 


. . . > 


Ses: 


Be 


eee 


wecauacs 


. 


as 


ee 


3B: 


3 


Concord .... 


| Groton........ 


2 


Stations. 


—Cont’d. 


Emiliet........ 
Farmerville .........+.:+ 


Grand Coteau ........... 


Lake Charlest.. 
LAWTENCE 
Minden ®“,......... 


Monroet .......-. 


New Iberia ........ 
Oakridget........ 
Opelousas 


Paincourtville t......... 
Plain Dealing t.......... 
Plaquemine ............- 
Ro 


Ruston ..... 


Shellbeach 


Southern Universityt.. 
Sugar Ex.Stationt...... 


Sugartown 
White Sulphur Springs. 
‘aine. 

Bar Harbor 
Belfast *°.... 
Cornish*! . 
Fort Fairfield........... 


Kin@OF 


North Bridgton ...... 
Maryland. 

Annapolis 
Bachmans Valley ....... 
Boettcherville .........- 
Charlotte Hall t......... 
Cherryfieldst? ......... 
Cumberland 4..... 
Darlington ft ..... 
Deerpark .......... 
Eastont. 
Ellicott City 
Flintstone. 
Frederick ........-. 
Greatfalls .. 
Greenspring Furnace .. 
Hagerstown t. 
Johns Hopkins 
Mardela 
Mount St. Marys Coll. t.. 
New Market 
Pocomoke City......... 

| Port Deposit .......-... 


Princess Anne..... .. 


Shar SDUPE 


Smithsburg.............. 


Solomonst........ 


Sunnyside 
Taneytown t 
Van 


| Western Port ..........- 
Westminster ......... 
Woodstock ........ 
Massachusetts 
Ambherst...... 


Chestnut Hill. 


Hyannis*t!........ 


Maximum. 


snow. 
Total depth of 
snow. 


Rain and melted 


Mean. 


~ 
> 


Sane 


~ 


§ 


| Frankfort *!. 
| Gladwin.....- 


> 


Taste II. — Meteorological of eoluntary and other cooperating observers—Continued. 


Temperature. 
Fahrenheit.) 


Stations. 
Massachusetts—Cont’d. 
L@WTONCE 
Lowell a... 
| New Bedford a.......... 


Springfield Armory ... 
Worcester? ....... 
Adrian... 


Alma...... 
Ann 
Arbela..... 


| Baldwin 
Ball Mountain ..........! 


BQPAGR. 
Battlecreek ...... 
Bay City 

Benton Harbor.........- 
Berrien Springs ......... 
Big Rapids ...... 


| 


Calumet ...... 
Camden ...... 
pase 
Charlevoix 
Coldwater. 


East Tawas 


| Escanaba 
| Fairview 


Flin 


Grand Point au ‘Sable #10 
Grand Rapids 
Grayling.. 
Hanover ... 
Harrisville ... 


Bart ee 
Highland Station.. 
Hillsdale ...... 
| Holland 
Humboldt....... 


Tron River... 


| 


Jeddo ..... he 
Kalamazoo | 
Lake City 
LQthrop 
| 
| Lamerne 
| Mackinaw 
Madison ........ 
Mancelona 
| Manistee... .. 
Manistique 
Middle Island*™ . 
Midland 
| Mottville....... 
Mount Clemens 
Mount Pleasant ....... 
Newberry 


North Marshall...... 
Northport 
Old 
OME « | 


Parkville 
| Petoskey ....-- 


| Reed City ..........- 
| Rockland ... 


Rogers City .... 
ROMEO....6 


| Saginaw 


| St. 
Bb. 


snow. 
snow. 


Total depth of 


§©Minimum. 
> Rain and melted 


#2> 


| 
=F 


— 
<= 


on 


Sa 


~ 
= 


= 


— 


B25: 


SALES" 


— 
Seas 


| 


BSSSESSRS 


Lil 
LLL 
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Temperature. Precipita- | Precipita- Temperature. | Precipita- 
(Fabrenheit.) ti tion, | (Fahrenheit.) tion. 
| 3 | i} 
& | g | a 
a = | | a | | 
| 
60 2 
58 
59 2 
59 | — 
59 I 0 
63 2 
59 | — 8 
Jeanerette . Trritl 5s | 0 
a 
Agricultural College... — 
. 76 
73 
28 3y 
U5 08 
GF 0 80 33 13 
Osage Cityt ....-.-.eeeee 66 3 29 76 20 60 21.9 
75 22 46 36.5 
70 83 28 92 7.5 
67 73 30 8.0 
68 78 30 6.85 26.8 
66 73 5.74 9.6 
75 27 7.76 7.2 
78 35 3.73 
Salinat 0 79 23 12.93 1 
Sedant 6 1 10.0 
8 66 2 | 28 4.35 11.5 1.95 7.2 
1 51 2 350 18.0 3.2 19.0 
57 —1 5.138 | 14.5 1.61} 7.0 
2 62 —13 3.06 9.8 1 
4 53 —14 19) 2.53 | 11.5 12.0 
5 46 —9 17 2.93 17.0 1 
Wamego®! 53 — 8 | 24 3.83 14.8 — | 
Kentucky. | 48 —6 2.25 6.0 
68 15 54 —-11 | 23 3.58 12.8 
68 13 —1) 
68 16 64 18 41 errr 
: 64 6 | 33 4.9 
; 70 19 65 8 | 35 1.0 
70 14 70 14 41 T. : 
64 10 | 
68 18 60 15 39 0.5 
67 15 61 13° (35 0 
68 13 59 —4 381 
65 5 37 
66 10 | 36 0.5 
fiz 12 | 35 3.0 
66 5 34 2.0 
66° 12 36 4.3 
62 1 7.0 
66 10 
67 8 3.3 
66 13 
66 14 
62 10 
66 13 1.8 
64 10 1.0 
65 12 0.8 47 vee 
66 13 0.2 53 
67 10 4.0 — 
63 11 3.5 52 | 
60 7.0 55 — 
65 12 1.2 55 
59 12 54 
64 va 1.8 | 55 
66 10 2.5 50 
66, «WR 2.2 55 
56 
| 59'—2 10.0 
|| Bluchill (summit).......| 59 5 5.0 
Mm Cambridgea............| 68 2 
86 10 | 443; 2.8 
Fitchburg 59 8 5.70 | 12.5 
Bastrop seve 60 —3 | 5.06 7.2 
58 10 $52: 3.1 7-2 
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Tass II. a and other cooperating 
perature. Precipita- Temp perature. Precipita- Temperature. Precipita- 
(Pahrenhelt. ) tion. | (Fahrenheit, a tion. | (Fahrenheit.) tion 
Stations. Be Se | Stations. | | Stations. | ee 
| , | <8 
| | 
Michigan —Coat't. ° | ° ° Ine. | Ins. Mississi ppi—Cont'd. ° © | Ine. | Ine. | Missouri—Cont’d. ° o © | Ine. 
Sandbeacha............. 52 2.55) 3.5 French Camps..... 21 45.8 10.83 Platte River®?.........., 48 —3 1/222 1.77! 85 
Somerset 24.6) 2.16| 6.5 | 68 26 43.3) 9.12 Poplar Bluff .... 69° 5.48") 
Stanton —6 WO 1.90 )...... 75 6 44.4 8.397 Potosi ....... 57 3/27.0 4.9! 20 
Sturgeon Point | | Greenwood.... es 74 23 43.3 9.51 Princeton... 55 23.2) 1.46) 12. 
Thomaston .... 48) 15.2 1.51 14.0 Hattiesburgt ........-. -| 52.0) 3.12 Rhineland ..... 9/314 3.27 1.5 
Thornville.. 88) —4/%.3 2.29) 11.5 Holly Springst.......... 6s 23. «8.50 Richmond ............ ..| 26.4 1.33 4.0 
Thunder Bay Ts and | 44 6 | 26.8 |....... Fo 7 26 11.86 Rolla ...... 3.84 5.2 
Traverse City 273)  Laket MM 46.4 6.60 St. Charles 11/814) 286) 3.0 
Valley Center. ........., —-10/ 94.0) 2.11 ....... Leakesvillet ..--.. -| 199] 14.0 
Vandalia . | 87| 4/27.2) 17.0 || Logtownt.......... .... 7 | 31 S44 6.11 St. Louis...... 64° 0 
| —12 1.26) 5.6 Louisvillet..... Th] 91 | 47-5 | 18.91 9/ 97.1) 2.74|...... 
Vermilion Point... 4D | — 4 | || 72| 48.2) 8.50 Sedalia 65 28.0, 1.40) 5.0 
Wasepi.. 58; 2.63) 8.0 Magnoliat.. ............ 76 Gill 11 | 4.32 0.9 
Waverly 56 5/27.2) 3.91 | 16.0 | Meridiant............... 7 2 50.5) 5.79 2.20 £90 
West Harriavilic... 8O|—5 93.5) 2.96| 12.8 | Natchest.......... 261.2) 7.90)...... 67 10 35.0 4.32) 0.2 
Wetmore ...........- cot —14| 16.5) 2.50| 23.0 | Okolonat................. 72| 44.0) 8.61 Steffenville ..... ....... 58 329.0 220 9.0 
White Cloud 22.4) 2.74) 10.9 Palo Alto............... 24 «46.0 11.05 Stelladat..... 63 5 | 29.0; 2.70 11.0 
| —10/ 26.6) 2.17 | 7.9 Fontotos .... 8.06 1.0 || —14/ 291.3) 2.97] 15.8 
nne VERIO 7 26 2.7 63 7 3.8 2 
7.4! 0.92] Port Gibson+..... ...... 77) 2 49.5 11.70 Virgil 2. 
Albert LOM 42, -14/132 1.2%) 12.5 Riple 69) 42.8) 7.43 2.5 | 29.7 | 2.54) 8.0 
Alexandriat 41 |} —27 | 10.7; 0.13) 1.3 Rosedale ... 2 42.4) 6.84 | 63 6 2.0 3.31, 4.0 
Beardsley | 48) 13.3 0.39) 3.9 Stonington*!'..... 26 | 49.8 |....... Wheatland .......... see) 212 
Bingham Lake .......... 16.0) 8.9%) 30 49.7 7.50 Willow Springs ......... 61 0 9234 5.43 T. 
Bird 4 | —13 | 144.8; 0.6 0.5 || Tupelo? ................ 7.68 | 62 12 | 35.6 | 3.23 1.0 
Blooming coves 40; 13.0 0.60 | 6.0. University... 41.4°| 5.61 ‘ontana | 
Bonniwell. . 42) -17/ 13.8 0.13 1.0 Walnut Grove........ eos 6B) She 43.8") 13.85 —35 26.8 0.42 1.8 
Caledoniat... 45) —15/ 15.4) 0.92) 11.5 Water 7 23 43.1 8.53 1.5 Bigtimber ............... 22.0 «(0.41 3.0 
Camden 46) —17/ 16.1) 0.07 | 1.0  Woodvillet...... 7 26 52.0 6.52 Billings ...... 61 —9 0.4 «40 
Collegeville 41) 15.0 0.04 0.4. Yazoo Cityt.. 24) 47.6) 11.2 Bozeman | | 
Crookston 4 9.6) 0.2%) 25 Missouri. Bozeman Exper. n- 3 —15 24.0 0.61 
Detroit City...... 42/-28/ T. | T. Appleton City........... 6/902) 8.5 || Buttet 4 1.12 101 
Faribault... ....... 4 | —14/ 14.4) 0.40/ 4.0) Arthur -—18 22.8 3.80 380 
Farmington 44)—20 11.6 0.25) 2.5 Bethany...... 49|— 7) 23.2! 2.30) 23.0 || Chinookt.......... 0.23 2.0 
Fergus 42 | —19 | 10.2 0.61! 6.1. Birchtree..... 67 8 31.8 6.61 56 —18 25.8 0.70 3.0 
eee q | > of eer —2 22.¢ 0.5 5. 
Grand Meadow t . coves) 39 —17 10.0 0.80 12.4 Brunswick .............. 2%.4 1.84 5.5  Dupu sees 52 | —18 | 27.0 |....... 
Koochicking ...... 82) O.71| 7.3 | Carrolltont.............. | 61 28.3) 1.41 9.2 || Fort Benton............. 5S —30 2.2 0.80 8.0 
| —18 | 14.8 0.14) 2.5 Conception.............- | 26.7 | 1.90 19.0 | Fort Keoght............ —39 16.8 0.03 0.3 
Lakeside t.........+ 44 | —16 | 13.2 COW 0.9 11.5 || Fort Missoula........... | | —2/ 23.3) 1.2 3.8 
Lake W .. --| 6.6! 0.60| 6.3 Darksvillet............. 1.61 3.0 Glasgow | —40/12.2| 0.28 ... 
Lambertt ......- 40 | —27 | 6.0 0.55 5.5 Downing ....... 2.69 14.5 Glendivet 52 —32 18.3 0.30 3.0 
Leech Lake.. 38 | —31/| 6.6) 0.59 6.3 East Lynne *?...........|.. «. | 10 | 29.2) 2.71 6.0 Glenwood 52) —21/ 21.4) 1.45| 15.0 
58) —14/ 17.2) 0.20| 20 | Edgehill®®.............. 4 31.8 4.46 0.2. Greatfallst 6.6 0.387) 3.7 
Lutsen. 38 | —18 | 15.2) 0.48 |...... Eightmile*'...... 6 8 | 28.7 | 2.20 6.0 Harlem .. 4B | | 99.0 
Luverne t 47 | | 16.6| 0.55| 5.5. Eldon....... -| 6] 631.0 3.11 5.5 Hogant 3.7) 0.50 2.0 
42, —18/ 14.4, 0.10, 1.5  Elmira........- 60|—6 2.0) 1.01 8.4 || 47 | —26 | 23.0) 0.80 5.3 
aplepiain | 0.24) 2.4 OS 4/ 27.2) 2.50 4.9 Lewistown ....-.... ne 24.0 1.10) 11.0 
Milaca.... @ | 13.0) 30 1.0 11.0 Manhattan f..........-- | 19.6 0.35) 2.5 
| 1.0 52 | 0 24.6 1.78 10.8 St Ignatius Mission .... 58 29.6 1.2 8.0 
Montevideo t... 58) —18 15.0) 0. 10, Gordonville 6600 cane! sence 15 32.8 3.88 OD GO | —10 | 24.6 |. 
ount Iron 646) 116 32.76 4.41 0.5 Nebraska 
New London . 41 —16 11.8 Harrisonvillet .......... 68 5 | 2.2% 5.0  Agee®*!....... | 47 | —10 | 22.2) 2.15; 24.0 
New Ulmt....... 16.8] 0.99] 8.0 || 2.75; Alliance*!...............| 48|—16 19.2) 1.10) 11.0 
Park Rapidst........- 6.5 0.62) 6.2 Houston......... 66 «12 35.0 | & 1.52 15.2 
Pokegama Falls........| | 5.5) 0.67 6.7 || Tromtom 6) 10) 32.6 5.31 Ashland at..... .... 49 | —26 | 90.41 1.18 12-0 
Reeds 0.03 |...... || Jefferson City t..........| 64) 6 | 31.0 2.47 2.0 Ashland/*!. 52 —19 | 23.1 1.13 9.5 
Rolling Green... 43 —10 15.4 0.70) 7.0. Kidder... 1.66) 10.6 Ashton...... 33.4 (0.28) 3.5 
| | 68 10 | 32.1 «1.17 6.0 53; —18 225) 1.47| 14.8 
tharlest..... | -6 1.00) 2.55 6.0 urora*!... (4 —4 48 1.90 19.0 
St. —19 9.0 0.28 2.5 Lebanon............. Ol 5.31 3.5 Beatricet cose] 62 | —17 | 93.5 1.90/ 19.0 
St. 42 —19 | 10.2) 0.26 | 3.2 | 97.8) 1.8 3.0 Beaver Cityt............ 61 —19 25.6 1.09) 11.0 
St. Peter. 45 —12| 17.8/ 0.10 1.0 Liberty..... | 1/84 O97) 92 nedict ........ 1.15) 11.5 
Sandy Lake Dam........ 41|—25| 85 0.60 6.2 Louisiana. G2) 29.2) Blair®! —12 21.5 1.70) 18.6 
Sauk Center............. 40 | —19 10.5| 0.10!) 1.0 MeCune*t!............... 2.4 3.06 10.0. Bluehill 0. 68 8.0 
Shakopee® ........ 44° —16/) 15.8) 0.10) 1.0  Mansfield............ 1.2 Brokenbow ............. 1.15! 11.5 
Spring Park . 0.08 Marblehill.... .. 12 $8.8 | 5.70) 0.29 || Burchard 0.90 9.0 
Two Harborst........... 40|—16/15.4| 0.52| 6.5 Maryville................ | 1.56. 15.5) Callawayt 53 —12 2.6 0.95 11.0 
Wabasha®!.............. —10 15.2) 0.26) 5.0 Mex COP 64 1/27.8| 2.08 3.7 Camp Clarke ....... 56 —21 2.8 1.10, 11.0 
Willmar 43 | —15 | 12.2) 0.55 5.0 Minerals 68 10 34.0) 4.31 1.0 Central City............. 1.10 «11.0 
Austin eee 71 41.8! 7.18 2.0 New Haven*!........... | 11 | 32.6 «1.68 2.5 Creightont.......... ee | — | MS} 
71) 24 | 43.9| 6.98| 1.0 62 | 8/30.7| 2.04 21  Crete..... | —20 22.0) 1.10) 11.0 
Bay St. Louis............. 26 52.8 5.46 Oakfield ...... 62) 9/31.5) 3.21 | 4.0 || Culbertson 0.85 7. 
73 | 49.0 6.67 Oakridge**..... | David City* 4g 120 
Brookhavent...........| 7 | 2 51.6 6.02 62 11° 33.20 4.76 T. DAWSON 57' — 6 | 4.2 | 1.60 16.0 
Canton 74 25 | 48.6 | 12.28 OTOGON — 4) 2.1 278 W.7 ple 1.15 | 11.5 
Columbus} TL) | 46.1 | 12.81 Oregon 58> — 3.12 19.0 48 —3 27.9 1.50 17.0 
stal Springs t. 74, 49.4) 7.84 Palmyra®®.......... oe |—2/ 2.6, 2.59 11.0 Edgar*!.......... 44-15 4.5 1.40 14.0 
918 Pickering 52 2.24! 21.1 | 39) —18/ 20.2. 1.50, 15.0 
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TaB.e II. —Meteorologicatr record of voluntary a and other cooperating observere—Continued. 
Temperature. Precipita- | Temperature. Precipita- | Temperature. | Precipita- 
(Fabrenheit.) tion. (Fahrenheit. ) tion. (Fabrenheit.) tion. 
‘ 3 | 3 | | 3 | 
| | | 
| © | Ins. | Ins. | Nebraska—Cont’'d. | Ins. | Ins. || New ad. | | | Ins. 
2.40 | 23.0 |) Wisner ........-. 2.78 | 27.5 || Newark Dt 62, 10/ 35.2) 5.82) 4.8 
Fairbury 58 —19 24.0) 1.40 14.0 || Wymore*!...... 59 —13 25.2 18.0 | New Brunswicka....... 62 | 8 | 35.2) 5.22 8.1 
Fairmont? | —21 90.8] 17.5 | York®! —12 23.8 1.30 13.0 | New Brunswickd....... 63) 8/344) 5.36) 3.5 
Fort Robinson .......... 58 —18 | 1.30 13.0 | Nevada. 59; 5) 31.6| 4.20 7.5 
Franklin ..... 65 | —11 | 27.8/ 1.40/ 14.0 | | 0 2.2 1.20 12.0 Ocean City ...... 15 | 88.2) 4.31) 0.5 
Fremont t . 46 —21 2.05 2.5 | Battle Mountain *!...... 56, 29.60.91 $7.9| 5.41] T. 
Genevat. | —20 | 23.5/ 1.05; 10.5 || Beowawe®?............. 63 | 8 0.65 8.0 || Paterson 62 11 | 35.3 5.96 9.5 
Genoa 49|—9/ 21.7| 1.44/ 16.5 || Blaine...... 50, —6 2.6 3.08 9.5 Perth Amboy.. 65 9 33.8 | 5.07 | 2.0 
Geringt 53 | —19 22.8 0.40) 4.0 || Candelaria..............| 69) 36.1 0.04/ 0.5 | Plainfield...... 61; 6/ 33.0) 5.23! 4.0 
0.80) 7.0 || Carlin®!............ 48 —6/ 25.2) 1.61| 5.0 Port Norris.............. 66) 15/38.0) 
Gothenburg ..... 55 — 8 23.6) 1-50 15.0 | Carson City..... 61 4 32.2) 1.72 | 2.4 || | 4.82) 1.9 
Grand Island a* 60 —14 2.6) 1.07 10.7 |) Cranes 1.19 10.0 | Readington ............. GO| 12 | 88.8 |....... 
Grand Island d.. 53 — 8 23.0) 17.7 | Darrough.. 0.00 sce cess 60 | — 31.8) 5.70 9.0 
Greeley*!.... .. 40 —20 20.3) 1.00 10.0 | Elko**...... 62 0 2.8 6.0 | Roseland......... 4/326 6.02 4.5 
Hartingtont..... 47 —15 18.6 | 2.95 29.5 | Elko (near) ...... 51 | —13 | 23.4/ 1.15| 7.0 || Sergeantsville..........., 62) 4.84/ 6.0 
Harvard *!....... 20.8 50 —9 23.3) 1.25 10.0 | Somerville .............. 64 | — 3/ 33.0) 5.24 3.0 
Hastings 55 —10 | 23.8) 1.3 16.5 Empire Ranch...... 65 | —12 26.6 0.22 2.5 || South Orange ..... ....| 62 34.0 4.70 6.5 
Hayes Comter.... 0.5 5.0 | Fenelon*! ... ... 21.0) 1.31) 13.0 | Staffordville ............ 5.29) T. 
Hay Springs......... 49 | —16 | 20.2] 1.12/ 11.2 || Golconda*'........ 58 8 33.4 0.30 1.0 |} Toms River | 8 | 36.6 5.31 
Hebron 58 —14 23.9 1.00 10.5 || Halleck*!....... 45 0 19.6; 3.57 | 8.0 || Trenton 68) 15] 38.2] 3.95/ T. 
Hickman ......... 1/80) 18.0 Hawthorne a*’....... 64 20 | 34.5) 0.84) 1.2) Vimeland................, 66| 37.6) 5.35 0.2 
Holdreged*!...... 55 | — 7 24.3] 1.00) 10.0 || Hawthorne d............| 67 12 35.1 0-30) 1.2 | 65 
Imperial f .....-.. 56) —13 35.0) 0.7 6.0 | Hot Springs*!........... 10) 38.2) 0.00 New 
Indianola (near) ....... ...... 1.25 12.5 | Humboldt*!............. 51 7 | 6.0 87.4] 0.09 1.0 
Johnstown 1.50 15.0 | Lewers Ranch........... 60 5 | 33.6 4.21 8.0 Albuquer uet.........., 59) 34.4] 0.35 3.4 
Kearney *®...... 68 | 1.68) 16.8 | Los Vegas....... 55) 18 35.0) 0.28 T. Ranch ..... | 59) 4] 32.2) 0.30 3.0 
Kennedy .......... 59 —14 22.2) 2.40) 24.0 || Lovelock *!......... coos] 64] 6 31.8; 0.2 TT. 2000 0 | 24.7 0.32 2.0 
54 —16 | 23.6) 1.15] 9.0 || MoGill ove 52 | —14 | 22.0 | 1.40) 13.5) Bernalillot..............| 61 13 | 34.7! 0.07 | T. 
Kirkwood *!.. ......... 48 | — 8 | 21.8/ 1.07 | 10.8 || Martins.. ........ 61 0 30.5 1.32 4.2 || — 4/| 2.2) 0.50 5.0 
54) —15 | 22.8) 1.30| 13.0 || Midas............ 1 30.1) 1.08 12.0 | Buckmans...... 47 19.5 | 1.35) 16.4 
Lincoln? t...... 55 22.5 Mill City*!..... 55 5 30.4 0.38 || FE] 5 34.2) 1.15) 11.5 
Lincoln d ..... 52) —17 | 2.08 21.5 Monitor Mill............+ 50 | —10 | 24.0/ 0.80, 7.5 Deming*®........ 18 | 40.9 
59 | —18 | 23.2 6.0  Osceola........ 59 O | 28.1) 1.53) 17.0 || East Lasvegast......... | 6 | 1) 30.4) 0.59) 10.0 
Loup? *!....... 6O | — 8 24.6| 1.35 18.5 || Palisade®?!.............. 48. 0 | 32.0 0.33 78 10 | 39.4 
48 | —12 22.7| 1.10) 11.4 | Palmetto 67 | —12 | 29.3 0.60 6.0 | Englet......... 65 11) 35.6 0.00) 
CCOOOK 1.00 10.0 | RenoState University ... 59 —4 31.6 0.87 0.7 | Fort Bayard..... 71 9 | 38.2) 0.25 2.5 
| Ruby Valley......... 1,65 | 11.4 Fort 72 2 | 35.0 Re 
2.96 | 23.5 || St. Clair. ............ 7 30.4 | 0.81) 5.0 | Fort Wingate...........| 0/ 30.9) 2.55 ...... 
Madrid *®........... 50 20.4 | 0.95 | 9.0 San Antonio...... 7 T. | 0.90) 9.0 
Marquette 1.45 14.5 | Silver Peak.............. 90.3) T. | Gallinas Springt........) 87 | 2 | 33.0 0.50 5.5 
secs 0.40 | 6.0 | 61) 7 38.9) 0.15) Ty Gila 15/ 0.19) T. 
Mindena..... 55 | —17 | 23.1] 1.61] 19.0 || 45 0 24.4 0.31 3.0 | 70, 38.6 0.10 1.0 
Poano®! —6 | 213! 18.0 | Las 68) 9 | 38.8 0.03 | 
Monroe TUSCATOFAR.... 45 | —1/24.2/| 2.26| 6.5 || Lordsburg®®......... ... 68 19| 40.0) 1.5 
Nebraska City } ......... 1.60 | 16.0 | Tybo...... BB 0.45 7.0 | Los Lunas..... 8 | 32.9 0.15 
Nebraska Cityc......... SO | —14 | 2.2 |. 58 10 37.0 1.17), 2.0 | Lower Penasco. 7 14 38.5 | 0.25 2.5 
Nemaha*? eee 53 —14 20.7) 2.00) 20.0 Wadsworth 54 26.4 | 0.98 1.5 | Monero....... 48 | —7/ 21.8; 0.70) 7.4 
22.1| 0.59) 9.0 | 42|/—12/ 21:6] 1.14]...... || Raton... 2/317 0.10) 10 
49|—10! 19.9} 2.10! Mew Hampshire. | | Rincon 70| 18/410; fT. | 
50 —13 19.9) 2.06 20.5 | 7 | —10 | 22.0) 3.15 8.0 Roswell t 76 | 8 | 37.4 
Netth LOap 8 22.6! 1.40 14.0 || Concord 59 | —- 9 26.4) 4.74 9.3 || | @ 14 35.2 0.00 
Oakdalet...... 49 —10 19.8 | 1.44) 18.2) Durham...... GL) — 4/ 28.0) 5.88) 14.2 | White Oakst+............ 35.0 0.78| 7.0 
Odell] 56 | —18 | 24.0; 1.30| 13.0 || Graftont ........... | —10 | 23.5 3.81 | 8.5 | Winsors Ranch......... 59 | —11 | 2.4) 1.04) 18.5 
7 | —10 | 19.6 1.86) 17.0 || Hanover 53 | — 6 24.0| 3.28) 5.2) New York. 
538 | — 8 23.6] 0.87 Keene 56 | — 8 | 25.9) 5.17 | 15-5 || Adams. 
Osceola......-.. 1.50 | 15.0 | Lancaster ...... 44 | —14 | 20.1 | 3.82 11.8 || Gl 31.1; 1.91 9.8 
0.50 5.0 | Nashua ..... 60 | — 8 28.2) 5.45 | 10.8 | 
2.00 | 20.0 | Newton ..... 61, 8.6) 4.66, 9.5 | 59/—2/ 29.6! 3.10 14.0 
Plattsmouth — 8 | 22.0; 1.10 | 11.0 56 —5 23.6)| 4.49 7.5 || Appleton 60; 80.2) 3.34) 14.6 
55 —10 23.6 | 15.8 Peterboro... 58 | —10 | 26.1) 5.48 | 17.5 || Arcade 87 | 3.47] 15.2 
Ravenna ())*!........... 50 | — 7 | 24.6 |...... | Plymouth . 46 | — 7 23.2) 4.80; 12.7 Arkwright.............. 55 
Redclouda .......... 6000] 0.84 10.0 Sanborntont 65 | —4/ 23.8) 4.67) 7.0 || 8.01 |...... 
Redcloud }*!........ ... 54 —10 2.6) 1.00 10.0 | Stratford. 49 | —11 | 21.5 3.41 59 29.6 | 2.92; 12.0 
Republican*!....... 60> —14 | 24.2 0.95 | 9.5 West Milan.. 55 | —14/ 8.12; 10.0 || Avon......... 62; 1°) 30.6°) 1.65 ...... 
Rulo®!...... 0 2.5 0.40 4.0 | yew Jersey. Baldwinsville 4.. 26.4 3.64) 12.0 
St. Libory ...... 52) — 8) 24.3) 1.90) 19.0 || Asbury Park .. 67 11 | 37.0; 5.02) T. Bedford ...... eos} 88.4) 4.23; 8.4 
St. Paul .... 52> 25.8 1.20) 14.2 | Barnegat........ | 4.18 0.2 | Big Sandy *™............ |} — 4] 27.2 |...... 
Salem 62) —8/ 23.2| 1.45) 14.5 || Bayonne ......... 64 12 | 35.3 5.22 2.6 Binghamton t 61. 2 30.1, 4.08 | 14.7 
Santee Agency 50 | —10 | 21.2| 1.43) 17.5 || Belvidere ............... 60 4 32.6 5.39 5.8 Bolivar . teteeeeseeeeee.) GL) —2 2.7 3.02) 11.0 
Sargent ...... 1.89) 12.5 || Beverlyt | 66 12 36.4 0.9 Bouckville.. 55 | — 6 2.6 3.48 19.0 
2.30 | 23.0 _Billingsport #1... 63 15 | 35.6 | 4.68 )..... Boyds Corners .. 
Seneca *!. 2.8); 1.90) 12.0) | Boonton........... 5 | 32.2) 5.68 5.6 | Brentwood ....... | 61) 5 $5.2; 5.50; 1.5 
Seward 53 | —15 | 22.6 1.20 | 12.0 | | Bridgeton 64 18 39.0 4.35 0.2 11| 35.6 4.74, 3.2 
ringview 50 | —11 | 21.9 |...... eleceeee || Camden ........ G2) 15 36.2) 4.39) 1.7 | Canmajoharie ... ........, 59) 29.4) 4.60) 18.5 
nton*!, 20.6] 2.40 | 24.0 Cape May C. H.t........ 65 19 | 37.9 | 3.92) T. Canton ...... 58) —21 | 22.1) 3.21 13.0 
1.9% 19.0 | Charlotteburg. soo] 68 2/ 31.0) 5.24 5.0 || Carmel ......... 55 1 30.8 5.22) 11.8 
Strang*!.. 54) —16 25.8! 1.10 11.0 | Chester ..... 5 31.6) 4.75 58 4/ 31.2 5.98) 19.0 
~ 54 —11 | 23.8) 0.90!) 3.0 | College Farmt.......... 7 34.6 5.07 2.5 || Charlotte*™...... .... 57 | | 
Sutt COM. | 53) —25 20.6 | 2.82 28.2 | Deckertown.............| 60) 1 82.0) 5.30 9.8 Cherry Creek.....-. 5.90 |..... 
1.45 | 16.5 || 59 4 32.8 5.08 6.0 | Cooperstownt .........-| 27.8 4.64 21.5 
ecumseh bt ............| 60 | —12 | 27.4 | 0.73 9.0 | Egg Harbor 67 11 | 36.4 4.56 TT. | Cortland .......... 5B) — 28.6 3.00 7. 
Tekamah............ 49) —19/ 19.6 | 2.85 | 28.0 || Elizabetht..............| 68 7 34.9 5.47) 5.0 Dekalb Junction 
Thedford *1 | 58 —12 24.6) 1.70 17.0  Englewood.. 61 —2 31.3; 6.44; 9.0 | 
Valentine t.......... 50) —18 | 22.1) 1.08 |...... || Freehold 67| 10 36.5 4.67 ...... B.0B 
Wakefield ..............., 43 | 17.2| 3.10] 81.0 | Gillette................. 62 34.1) 6.09 7.0 
Wallace.......... | 0.70| 7.0 || Fleming .. ... 87| 1.98| 8.0 
Weepin Water*i, 48) 18.7) 1.77 | 25.8 Hanover...... cool 4 33.9 5.64 6.0 | Fort Niagarat..........| 68) 381.2| 2.77 5.0 
Westpoint t ...... ..... 46 —17 | 20.2) 1.95 19.5 Hightstown ............., 64 12 35.6 3.07 1.0 | Franklinville... ........| 59 1) 28.1) 4.01; 19.0 
36) 6 27.0} 1.05 10.5  Sumetion 4.63 4.5 Garrattsville . 60 | —10| 26.6) 2.45| (21.2 
Willard.. 1.0 | Lambertville ............| 62) 7 34.4 4.92 6.5 | Glens Falls..............| 65|—7/| 23.9) 4.71 17.5 
Wilsonvilie*? 56) —19 25.3! 1.30! 13.0! Moorestown ............. 67! 36.21 4.95 0.2 | Gloversville.............) 24.8 6.52) 
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Temperature. 
(Fahrenheit. 
Stations. 
a | 
Bg 
3 
| 
New ° ; 
Haskinsville ..... we 
Honeymead Brook..... 2.5 
Humphrey t..... 68 0 28.6 
JamestOwn...... 58 5 w.2 
Kings Station ......... 
Lake George ...........- M —5 2.9 
Lake Placid...... —11 
12 38.2 
65 5 31.4 
adison Barracks t..... 61 
Middletown ..... 5 
Mohonk Lake........... 4 
Napoli......... cose! 
Newark V alley.. 
New Lisbon ............. —10 
North Hammond ¢t...... —0 
North Lake..... —16 
Number Fourt........-. 51 —13 «21.8 
Ogdensburg —12 23.6 
Palermo M —6 
Penn Yar 63 2 31.2 
Perry 60 0 
PittelOrd 63 2 20.3 
Plattsburg Barracks .. 5 — 4) 2.6 
Port 59, | 29.9 
Poughkeepsie ........ 62 —4 33.4 
Primrose..... 62 32.2 
Ridgeway 68 4 2.9 
Romulus 59 4 30.4 
St. Johneville .......+++ 644 —4 2.2 
Saranac Lake.........-. —19 19.8 
Setauket? 60 12 (36.7 
Skaneateles......... 
Southeast Reservoir ‘ 
South Kortrightt ....... — 27.4 
Ticonderoga....... 67 | — 5 | 27.4 
Wappingers Falls. 61 32.3 
Warwick ..... 
63 2 30.2 
Waverlyt..... coool | — 81.0 
Westfield...... eneveveces 62 6 32.3 
Westpoint? ......... 57 3 31.0 
Willetspoint ............ 10 | 35.3 
North Carolina. 
70 14 41.6 
Ashevillet..... | 40.0 
73 2 51.4 
Biltmore ¢...... 67 16 39.6 
Bryson City?t......... 
Chapelbill 70 18 42.7 
Edenton ...... -| @ 20 45.5 
Experimental Farm . coos! 65 20 44.6 
606600. 00006686 
Fayetteviliet 72 19 45.2 
Flatrock ..... 63 15 39.4 
Greensborot . 65 19 41,2 
Henderson 68 18 42.2 
Highlands ..........+. 57 14 38.0 
OSS sess 63 21 40.6 
Linville? ........ 59 36.8 
Littleton? 67 12 | 41.2 
Louisburg t........ 66 18 43.0 
Lambertont......... soos] «45.1 
Marion ... ° 67 19 | 42.7 
Mockaville 
Moncure?t .........+. 67 2 44.6 
Monroet........... bi | 42.5 
Morganton ... | 65 20 41.3 
Mountairy 13 | 39.7 
Mount Pleasant..... . 68 2 42.6 
Newbernt 76 29 «52.2 
Oakridget.. 65 10 | 40.4 
Pantego. 
Pittsboro? . 66 18 42.4 
Rockingham? .......... 73 23 46.2 
OB! 16! 40.6 


Precipita- 
tion. 
3 = 
bol 
ca 
an 
a | 
Ine. | Ine. 
4.59) 7.0 | 
5.39 | 14.5 
3.59 | 21.6 
2.56] 11.6 
4.82 | 22.5 
4.75 | 12.8 
1.90) 8.5 
5.22 | 20.5 
8.02 | 17.0 
3-14) 14.0 
3.68 | 32.6 
5.71 | 16.0 
5.44) 15.0 
1.80 | 13.0 
4.20) 20.0 
2.51 | 11.8 
5.74| 27.0 
4.60) 30.7 
2.77| 5.8 
4.01) 18.3 
4.08 | 22.2 
1.56 5.1 
2.86) 11.7 
6.76 | 10.0 
4.57| 5.5 
5.42/ 6.3 
2.80) 15.5 
2.01 4.1 
4.65 | 13.5 
2.22) 15.0 
6.60) 2.5 
2.55 | ..... 
2.61 | 14.2 
4.78| 9.8 
2.12) 9.2 
4.10| 4.6 
5.99 15.0 

4.15 
5.8 
2.70 | 11.8 
1.93) 10.0 
2.71 | 7.5 
5.00 |...... 
5.06 | 5.4 
3.26 T. 
3.18) 0.5 
7.07 
3.04) 0.2 
6.78 
2.72 
3.81 
2.12) T. 
3.26 
2.13 
4.66) T. 
3.05 
3.58 
6.36) 0.5 
5.99 | T. 
3.26 | T. 
4.57 | 5.0 
2.61 
2.70) T. 
2.56 
2.93 
8.86) 0.1 
2.66 
2.28 
2.17 | 
3.49 
3.32 | ?. 
2.94 |...... 
6.25 | 
4.79 
2:98 | 
5. 80 
2.54 
3.41 
3.34 
2.50 


Temperature. Precipita- 
(Fahrenheit.) tion. 
3 
2 as 
$ 3 
al = = = 
North Carolina—Cont'd. ° Ina. | Ina, 
| Salisbury t ............- 68 20 43.3 2.89 
70 18' 4.0 2.72 T. 
70 2 4.8 2.85 
72 19 47.6 3.06 
Soapstone Mount t...... 68 15 41.1 3.11 | 
Southern Pines at...... 72 
Southern Pines/........ 7 46.3 2.35 | 
Southport 71 6.27 | 
Springhope*!............ 68 41.2 2.50 
Waynesville t.........- 17 «41.3 (3.67 0.2 
anes 70 8 44.0 2,91 
73 7 43.6 4.76 
North Dakota. 
37 4. 0.50 5.0 
Churchs Ferry .......... 9.4 0.29 2.9 
Coalharbort .... ...... 53 13.7 0.29 2.9 
Dickinson ..... ee 48 —25 18.2 » 
Ellendale..... 48 —21 15.0 , 
42> —2 6.54 0.04 0.4 
Forman + -3 112 «0.3 2.5 
Fort Berthold. a 69 26.2 O07 0.7 
Fort Yatest..... av —26 4.6 0.50 5.0 
4 —32 82 0.51 5.1 
| | 12.5 0.10 |...... 
40 —22 7.0 0.40 4.0 
Grand Rapidst.........- —-22/12.5 0.36 3.6 
Hamilton...... 40 —24 56.8 0.87 6.0 
damestownt ....... 4 —2 12.2 0.30 5.0 
Larimoret ............. 45 —23 8.0 
McKinney .........- 9.6) 0.9 2.9 
ean 49 —32 16.2 0.2 0.2 
400 5.4 0.20 2.0 
cesess 48s 9.0 T. 
Mintot. 42 —26 7.3 0.10 1.0 
Napoleon? ...........+. 0.45 4.5 
New England 45 —31 1.3 0.30 3.0 
Portal 4 —30 9.6 0.0 2.0 
Power t+ «8.0 0.20 2.0 
St. Jobnt. 4 8.1 0.20 2.0 
Sheyenne ... 4 W.6 0.5 5.0 
Steele os 499 11.2 0.10 ...... 
University! .............- 38 —23 8.2 0.24 2.4 
Valley City t........ $000) 0.28 2.8 
Wahpeton t ...........-- 7 —21 14.0 0.17 1.8 
White Earth . 46 0.02 0.2 
8.5 0.34 3.4 
4 -—30 6.7 0.00 
Ww e000 37 6.9 0.08 0.8 
0. 
59 3 32.4 1.7 5.3 
Annapolis.... cece 0 31-8 2h 8.0 
Ashtabula..... 531-9 3.12 11.0 
1.84 45 
Bangorville..... —3 2.9 &.8 
Basil. . 1.09 40 
— Ridge .. 59 0 30.4 1.51 3.0 
Bethany .......... cose, 9 36.0 4.2 
Bigprairie 60 0'30.2 2.392 5.5 
Binola ...... 1.67 6.5 
Bloomingburg .........- 69 6 96.2 2.06 |...... 
Bowling Green .......... —6 2.1 1.83 3.5 
Cambridge 04 333.2 3.00 5.0 
Camp Dennison. ....- 65 12 | 35.8 2.39 4.4 
Canal Dover............- 62 3 2.64 8.5 
Canton?....... eee 63 3 33.0 2.08 4.1 
Cardington.......... coos 61 0 30.4 1.30 2.0 
Carroliton...... 62 2/33.0 2.73 10.0 
cnc 61 1.3 0.8 
Cherryfork .......... 66 4.19 6.2 
Chillicothe .............. 63 10 | 36.3 2.2 4.0 
Circleville 64 35.5 6.0 
Clarksville 67 7'35.0 2.20 4.5 
Cleveland a.. 60 0 32.7 1.90 6.6 
Cleveland ... 61 8 31.0 1.34 7-0 
< TT Ty 65 4 32.6 3.50 7.3 
cos 65 6 36.6 2.61 4.0 
59 2/ 31.5, 2.84 9.5 
Dayton @ 66 5 4.0 3.24 6.5 
OF RED 3.6 


Temperature. Precipita- 
(Fahrenheit.) tion 
3 
a Va 
onio—cont'a. | © | © | | Ine. 
Defiance...... | 29.0 1.84 6.2 
Delaware .......... coool 33.3 2.22 5.0 
Dupont ...... 3 0.98 4.0 
Elyria . 5 31.6 1.33 7.3 
Fairport ‘Harbor * 
Garrettsvillet....... 2.45 6.7 
2/31.4 2.97 
4° 33.6 2.51 W.6 
Greenfield... 11 35.8) 2.00 5.0 
Greemhill --| —3/ 31.5 2.4) 4.3 
Greenville 31.1 1.91 2.5 
Hanging Rock............ 8 | 38.8 3.42 3.0 
Hillhouse......... & 2, 14.0 
Hillsborot...... 6s 5 35.6 2.61 4.5 
Hudson.......... | 2/31.) 289 10.5 
Jacksonboro ...........- 65 6 B.0 3.12 
33.5" 2.41 7.0 
Lancaster | 65 8 35.0 2.36 eo 
Levering. 2.57 6.0 
Logan ..... coo} 35.7 3.28 5.5 
Lordstown 8.5 2.25 5.5 
McArthur ....... 66 2.78 6.0 
McConnelsville t.......- 68 35.4 4.96 5.0 
Mansfield+...... 1.45 5.0 
Mariettad....... eee 6 387.7 3.2 4.0 
63 32.2 2.04 4.7 
Medina ....... 31.3 1.86 4.0 
Milfordton .............- | 0/29.0 2.30 7.0 
| 67) 335.0 2.09 9.0 
Mill port 31.2 2.65 6.0 
— 2) 27-0 2.66 6.0 
Napc <0 1,81 6.0 
New . | 3/338 3.35 9.5 
New Berlin..........-.-- 59 | 3.7 1.82 5.6 
New Bremen ...........- 60 0'31.8 1.9 3.5 
New Comerstown....... 64 4° 33.4 1,35 3.0 
New Holland............ & 8 2.48 7.8 
New Paris.......- oeeeces 61. 3 | 32.1 2.28 6.6 
New Waterford ......... 4 33.5 4.49 13.5 
North Lewisburg ....... 2 31.4 2.80 6.0 
North Royalton... 58 2/31.2 2.21 7.0 
Norwalk ........ 61 — 31.0 1.18 4.0 
61 0; 33.2 1.99 2.7 
Ohio State University. 65 6 4.2 2.60 5.5 
Orangeville .........+.-- —2 W.8 2.46 7.5 
Pataskalat.............. 63 | 4 33.4 2.95 11.5 
Plattsburg .......... 4 432.3 3.33 90 
Pomeroy .......- eewnce 65 7 38.0 2.40 6.0 
Portsmouth at.. 3.09 1.0 
Portsmouth /.......... 67 6 38.3 3.90 3.6 
Richwood 61 4/32.2 2.58 4.2 
Ridgeville Corners...... 55 —5 2.1 1.51 5.0 
--| 8 36.4 3.83 5.0 
Rittman . — 1 30.6 1.96 5.0 
Rock yridge. .. 59 —3 2.6 1.94 111 
Rosewood ..... oO 331.6 1.99 3.5 
Shenandoah 59 —3 2.8 1.55 2.9 
Sidney? ..... 61 2.24 3.8 
Sinking Spring 35.8 3.44 6.0 
Somerset t.. oe 2.01 4.0 
Springboro .......... 2.77 3.0 
Spring Valley ........-. 63 6 33.0 3.30 4.0 
2 31.4 2.26 6.1 
Upper Sandusky ........ 61 132-4 171, «5.0 
Vanceburg 6S 7 38.0 3.77 3.0 
Van Wert...... 1.65 5.0 
Vermilion .......-.+.+ 60 2 33.1 1.45 8.5 
Vickery 61 1 31.0 1.91 5.3 
63 0/82.4 271) 8.5 
57 | — 7 1.88 6.9 
Waverly..... 66 8 | 36.3 2.98 5.3 
Waynesville. ............ 64 4 33.0 3.15 6.0 
Wellington. 61 0 31.6 1.74 4.5 
Westerville ............- 66 | 7 8.6 2.69 6.4 
cance 1.59 4.2 
Wooster OF......cccceee- 0 2 31.8 2.50 5.2 
Youngstown ........... | 59 4 31.8 2.54 4.0 
Zanesville t .. 2.61 3.0 
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snow. 
snow. 


Total depth of 


Stations. 
Oklahoma, 


Arapahot 
Burnett 
Clifton t..... 
Edmond..... 
Fort Renot ...... 
Hennessey 
Jefferson ®....... 
Kingfisher .....-..-. 
Mangumt 
Norman t 
Prudencet ........ 
Stillwatert.............. 
Waukomis 
Winnview & .....-.....-- 


Albany @..... 
Arlington. ..... 
Ashland >..... 
ccc 
Bay City t........... 
Brownsville **...... ... 
6660 
Burns (near) ...........- 
Cascade Locks ......... | 
Comstock ®®. ............ 
Coquille River ........ i 
Dayvillet........ 


Eugene ....... 


Forest Grove............ 
Fort Klamath....... 
Gardiner ...... 
Government Camp..... 
Grants Pass at..... 
Happy Valley........... | 


Hood River (near) ...... 


Irvington..... ...... 


Jacksonville ...........+ 
Junction City**......... 
Klamath Falls ........ 

Lafayette **........ 
inn 
MeMinnville ...... 
Merlin®® ........ 


Pendleton ......... 
Prineville........ 
Sheridan 
Silver Lake... 
Silverton ** 
Siskiyou **. 


Vernonia............. 
West Fork 


Beaver Dam............. 
Bethlehem .............. 
Brookville t............. 

wers Lock........... 


Minimum, 
| Rain and melted | 


° | Maximum. 
° 


bad 


— 


Se 


= 


eo 


wilt 
BSS 


#8 


Cd 


Stations. 


Pennsylvania—Cont'd. 


Canonsburg 
Carlisle...... 
er 
Chambersburg ........ 
Coatesville .............. 
Confluence ¢........ 
Davis Island Damt...... 
Derry Station ........... 
Doylestown ......... 
East Bloomsburg ....... 
East Mauch Chunk.. ... 
Edinboro *!............. 
Ellwood 


Franklin......... 


soles 


Freeport 
Girard ville ............. 
Grampian ...... 
Greensboro t .........+.. 
Greenville .. .... weer 


Hawley........ 
Hollidaysburg . ........ 
Huntingdon at.......... 


Huntingdon ........... 


Johnstownt......... 
Kennett Square.. 
Lansdale ....... 
Lawrenceville ...... 
Lock Havenat....... 


Oil Cityt ....... 


Ottsville....... 


Philadelphiad........ .. 
Point Pleasant .......... 
Quakertown ............ 


Saegerstown ...........- 

Salem Corners.......... 
Seisholtzville ........... 
Shawmont ........ 
Shinglehouse............ 
Sinnamahoning ......... 
Smethport...... 
Smiths Corners.......... 
Somerset ........ 
South Bethlehem ..... 
South Eaton 
State College...... 
Swarthmore............. 
Swiftwater.............. 


Uniontown....... 
Wellsborot..... 

West Chester............ 
West Newtont......... 

White Haven ........... 
Wilkesbarret ........... 


_ Williamsport ........... 


Rhode Island. 


| Providence ........+++- 
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1 depth of ° 


snow. 
snow. 


Maximum. 
Minimum. 
Tota 


= 
concuc’ 


— 


~ 


. 


RBRVS 


— 


1: 


| Trenton .... 


| Walhalla 


= 


te 


$0 9036 


Stations. 


South Carolina. 


Batesburgt 
Blackvillet ............ | 


5. 


_ Clemson College... .... 


Darlington (near) ....... 


Effingham t.............. 


Georgetown 
Gillisonville ........... 


| Greenvillet........ 


Greenwood . 
| 
Kingstree at ............ 


| Little Mountain........ 


Longshore t ..... 


Pinopolia®! 
Port Royalt...... 
St. Georgest ............ 
St. Matthewst .......... 


| St. Stephenst ........ 


Shaws Fork ............| 
Smiths Millst............ 


| Society Hill t............) 


Spartanburg .. 
Statesburgt.. 


Trialt... 


Winnsboro 
Yemasseet .. 
Yorkville........... 

South Dakota. 


sees 
Brookings 
Chamberlaint........... 


Farmingdale 


Flandreau...... 
Forestburgt ...........- 
Forest 
Fort Meade t........ 
Gann Valley ..... 


Gary 
Goudyville ..... 


Hotch City t 
Hot Springs ............. 


Mellettet............ 
Millbank ..... 


Parker? 
Plankinton 


| Redfield 


Rosebud.......... 
Shiloh ..... 
Sioux Fallst........ 
Spearfish 
Tyndall t 
Wentworth t............ 
Wessington Springs..... 
ennessee. 
Andersonville.......... 


wi 


and melted 

snow. 
Total depth of 

snow. 


Maximum. 
| Rain 


> 


nore 


come 


EN 


3 


. 


es 
ee 


? 


Ser 


sz 


> 


d 


xz 


PPB 


— 
S 


= 
= 


BS 


rs 
eso 


Se 
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Temperature. | Precipita- | Temperature. Precipita- | Temperature. | Precipita- 
(Fahrenheit.) tion. | Fahrenheit.) tio | (Fabrenheit.) tion. 
| 
| 3 | | | 
= | | | 
| 
| | 
Ins. | Ins. ° Ins. © ° ° ins. | 
67 1.0 4487.44.19 70 48.6) 1.40) 
74 7% 60.3 9 34.2 3.29 77 | 48.4 | 1.76 | 
69 6 31.1 4.19 76 21 44.4 1.97 | 
72 2.2 7| 28.8] 1.98 |..... 
2.0 0 32.3 4.36 1 | 
74 0 33.4 3.96 
65 2.2 4.68 . 46.0 | 1) 
73 
63 2.0 73 «BO | 49.6 
68 29.6 2.74 79 | «51.6 | 
68 —~5/27.6) 4.71 ........ ....| 48.7] | 
82.4 5.16 70 46.4 | 
Jon. 8.98 8 33.8 5.63 | 48.4 | 
5S 30 41.6 97.42 Forksof Neshaminy *'.. | 10 | 5.16 |...... 74 
64 30.5 | 2.28 11.5 3.20 
57 | 19.26 7.0 65; 2 36.2 
45.5 60! 8 33.5 66 
. 
| Aberdeent............... 46 —22 
48 17.09 45.0 9 35.6 4.59 Alexandriat............| 30|—16 
< 60, 30.8 2.02 69 —33 
Le 6 | 11 34.4, 4.05 483 —20 
59 — 2 28.37 2.89 —21 
8 33.4 3.94 48 —21 
62 6.37 Lycippus 62 5 | 33.6, 5.43 
49° 2.65 2.48 60 | —16 
De Smet 41 | —B : 
70 63/16 87.6 4.55 1.6 Eureka 
8 10.5 3 | 328 4.7 
63; 1,828 470 4.0 46 —23 
Monmouth *®........ ... 36 | Renov | 9) 18 
os | Renovo? 63) 7 33.5 3.54 15.0 46 —15 
| 59; —6 2.2 3.49 10.2 | Greenwood 48 —18 | 
29.3, 5.21 19.0 47 | —21 | 
62 2.0 67 | 12.0 18° D 
62 62 | 7.8 —20 
61 8.0 48 —% 
16.0 17.5 | 
88 41.0 63 | 
Springfield 4 | Bice 
Stafford 58 | | 45 | 
TheDallest.............. 56 4.0 
| 2.0) 65 | 14.5 | 59 | —90 
| 7 | 36.3 | —15 
| 58 4 | 29.2 11.0 56 | —24 
58 | 62 2 31.4 11.0 
50 60 1.2 
TRE 1.0 62  —16 
Pennsylvania. |} 13.0 48 —10 
Altoona .................| 64 13 | 64 13.0 —23 
68 | 6.6 61 12.8 | 
4.0 | 4.4 | 48 —16 
60 | 4.0 | 
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II. record of voluntary and other cooperating 
Temperature. | Precipita- | Temperature. _ Precipita- | Temperature. Precipita- - 
(Fahrenheit.) tion. (Fahrenheit.) | (Fabrenbeit.) tion. 
~ ‘ 
| 3 3 3 
2 -| aa | Me = aa | Va | 5 se 
2 & = = & | = a 
| | | | | | 
Tennessee—Cont'd. o © | © | Ine. | Ine. Texas—Cont’d. o | © | Ins. | Ins. Virginia—Cont'd. | Ins. | Ins. 
Benton (near) 70; T. | Golindo............... 1.55 Callavillet | 14/ 42.8) 2.45] 
Bluff Cityt.... Grapevine 758 13° 41.46 1.974 1.0. Christiansburg.......... 3.66) 2.0 
Bolivar? 76; 41.4)| 7.17 4.7 Hale Centert............ 74; 12 41.6) 0.08 0.8 | Clarksville .............. | 2.45 
Bristol ¢ 11 38.6; 3.94) T. Hallettsvillet ..........- 7 28 00.4 1.46 Clifton Forge ..........- 61 16 | 37.1) 3.54) 6.0 
Byrdstown 68 15 41.3) 6.07 9.8 | Haskell ...... 83 9 41.1) 0.35) 2.0 Dale Enterpriset........ | 68 5/364 8.23) 5.5 
60 14 | 41.2 | 6.27 | 4.4) 2.7 Doswell 10 | 38.8 2.80 
Carthaget ...... | 69) 42.4) 6.38| 1.7) Houstont....... 76 | 2 80.8! 4.78) | 2.90) 2.6 
| 7.92 | Huntsvillet ............. 47.5 | 4.25) Farmville ........... aa @& 20 40.3) 1.91 | 
Clarksville 69) 2 41.0) 3.69) 3.8 Jacksonville ............ 75) 19 48.2) 6.22) T. Fredericksburg t........ | 68 12/| 38.8 | 3.17) 1.0 
8.51 1.0 Junction City ....... 0.80 Grahams Forge..... 63 10 | 36.6 | 4.39] 3.2 
Decatur 67 2 42.3) 7.30, 0.2 Kerrville ..... 79 19 44.6) 1.03 Hot Springs ............. 6 6 | 38.3) 3.98 | 12.0 
Dover...... | 71 18 | 41.2 |..... 2.0 Lampasast.. 79 18 | 4.1) 2.15 2.42; 2.0 
Dyersburg..... 69 3.0 Liano*t ®...... 23 46.0) 1.55 11 | 39.0) 3.42 1.5 
Elizabethtont........... 68 17 41.3 | 3.23 0.5 Longviewt .. 75 16 46.9) 7.02 
Elk Valley .. 67 11 5.16; 3.0 Lulingt... 7s 2 | 49.6 2.62 Manassast mun 10 | 38.2 3.38 1.5 
Erasmus. . 6.59 | 6.6) Marshall 81) 18 49.0) 7.66) Marion? .... 2 9 | 38.4¢ 4.08 6.0 
Fairmount 86 12 40.0| 8.77) T. Menardville ...... ...... 82 12 42.7) 0.25 Monterey..... 2| 37.5 | 3.38 6.0 
Florence t 67 19 42.0 6.00 4.8 Mount Blancot........ 76 7/41.2| 0.20 Nottoway ....... 69 12 42.4 3.21 
Franklin 6 2) 41.6 4.60 4.2 New Braunfelst........ 76 29 «49.4 «1.84 Petersburgt ...... ...... | 16 4.1| 2.66) T 
GNSS 62 16 42.4) 5.91 3.3%; T. Richmond (near)t....... 66 12 41.2; 4.01; T 
Greeneville t | 68 13 41.4 4.15 2.0 Point Isabel*!.......... 82, 40 60.5 0.07 Rockymountt........... 68 14| 41.6 3.80) 
Harriman... 65 18 40.9 4.90 1.0 Rheinlandt............. 4 Salemt ........ 16 2.2 | 3.8 | 1.8 
Hickory Withe.......... 69 3 42.2) 5.77 4.5 78 10 41.2) 0.69 5.22) T. 
Hohenwald of 7.13 6.0 | Rocksprings.. ......... 0.00 74 15 | 42.9 3.23] 
JACKSON 70 3 42.1) 6.12 3 1.39 Stanardsvillet.......... | 70 9/372) 4.40) 1.0 
Johnsonville 70 19 41.5 3.65 4.5 San 3 52.0; 1.2 6S 12 | 39.6 3.31) 3.0 
Jonesboro *! ...... Of 16 40.2 4.26 4.0 San Marcos?t........ 2) 47.9) 2.37 Stephens City t.......... 68 8 | 36.3 3.87 5.0 
1.0 Sulphur Springst «...... 79 15 45.0) 3.33) Sunbeamt..... 65 16 | 41.5 3.40 | 
Liberty 68 19 | 42.5) 5.30) T. Temple @ 18 44.6) 2.67 Warrenton ............. 63 16) 38.9 280) O.5 
65 23 42.6) 7.63 B.0 |] 73 11 44.6) 3.73 65 11 | 39.6 | 2.94) T. 
68) 40.6) 4.21) 24  Valentinet | 0.60 6.0 Westbrook Farm ....... 65 | 15 41.2 )....... 
MeMinnvillet .........+. 66 19 | 48.7 | 5.20) T. Victoria .... | 2.60 i Woodstock ¢ ....... 6|36.6 3.72 8.5 
MOLINO F 65 22 8.30; T. Waxahachiet ........... hs Washington. 
Newmarket 67 44.6 2.0 Weatherfordt.. 4) BO 58 $1 | 42.6 18.66 | 
Newport 67 | 42.0) 4.35 0.5 Wichita Falls t Anacortes ...... 5.67 
Nunnelly 67 18 41.4 4.31 3.6 Utah. Ashford 17.31 2.0 
Oak 66 16 42.4) 6.27 4.5 || Alpine City 1.27 | 4.5 || Blainet........... ee 53 12) 34.1 7.69; 1.2 
Palmetto t.. & 21 44.6) 6.92 2.5 Blue Creek **............ 0.15 1.5 Bridgeport ....... — 5 | 22.4 1.70 17.0 
POG s 70| 20 42.3) 5.89 4.3 Brigham Cityf ...... Cascade Tunnel......... 49 10 | 28.4 17.43 | 124.0 
Rogersville? 66) 15 40.6) 4.30 2.0 49) —18 11.2) 1.22) 10.2 | Centervillet........ 55 | 15) 30.8) 4.74] 3.0 
Rugby ......-++. 1B | 6.44 6.8 || COPIMMO... 24.8) 0.29 56 29 | 41.2 | 14.27 | 
St. Josepht.. 43.4) 10.9 56 | —10 | 96.2; 1.10| 11.0 | Clearwater 23.66 
Savannah . 3 42.6) 5.93 1.6 Fillmoret 50 —14/ 19.8/| 1.55 | Coupevillet..... | 3140.7) 3.9 | T 
Sewanee 61 16 40.4 8.06 0.3 Fort Duchesnet......... 36 | —18*) 6.7" 1.20 | 12.0 | 61 7|%4.3 2.76 2.5 
Silver 4.29 7.0 Frisco ...... 8&5 > —2/ 29.0) 1.00) 10.0 Ellensburg ............. | 4 | 25.0] 2.93 |...... 
Springdale*!....... 65 16 39.9) 4.235 2.3 Gilest......... 45 Ellensburg (near) ..... 40 6/24.0 5.40) 10.0 
Springfield nee: 69 18 | 41.1 |......- 4.0 Heber...... BBs! 14.86) Fort Simcoet .......... 4.75) 10.0 
Syivia ...... 68 18 40.6 5.91 280) 14.0 Fort Spokane ........... | 46 0/25.2 2.12 20.8 
| 4.80 9.0 || Keltom®® Grandmound t ......-... 55 41.0 16.59 T. 
Tellico Plainst........- 70 43.6 5.66 T. LOVANt 48 — 8 2.6) 1.65) 16.5 Hunterst . 252 6.7 
Tracy City...... 62 18 40.4 7.43 52|—19 21.4| 0.06| 0.6 Kennewick . | 68 8 | 33.7) 1.21] T. 
Trenton ....... 68| 90.0 4.17| —6 1.92)...... 40.9 12.09 0.2 
Tullahoma 20 42.0) 6.30) 2.0 cated | 1.68 7|2.7| 3.37) 90.5 
CIEY 67| 20 38.8/ 3.78!) Minersville ....... ..... | 2/31.0 1.64) 0.4 
Waynesboro ... 668 22 42.2) 7.24 5.1 46° —9 21.6) 1.65 11.0  Loomist....... 45) 1.48/ 19.0 
Wildersville.... 68 21 40.8) 6.08; 6.5 Mount Pleasant t 51 —8 24.3 1.90 19.0 Madrone ft......... 56) 28) 40.8 13.92 
Texas. Ogdena**..... 7.7 Mayfieldt. ...... -| 8S 26 41.4 12.83 
Albany 76) 12 43.4) 0.68 Ogden b........ 55 1 30.2 1.89 3.8 Moxee Valleyt.......... | 5S 2.07) 13.8 
Arthur Cityt 2.87 51 —4 2.5) 0.50 3.0 New Whatcom ......... | & 6.07 2.0 
AUSTIN 48.4 2.67 2.8) 0.88) 88 57 | 26 | 39.8 | 22.62) T. 
Austin 78 21 | |. 68 —19 24.5| 1.16/ 16.2) Olga...... core SB) 2) 41.0) 7.32) 
Ballingert..... 77 | 10 42.0) 1.08 Promontory + 41 —10 21.0 0.55) 4.0 Olympiat - 86) 48.7 | 17.60) 
Blancot 76) 23 48.4) 1.88 | Richfield t......... & 0 29.2) 0.40 4.0 |) POMOFOF. | 54 14/33.5 2.54 4.0 
Boerne TB 24 | 47.5 | 2.29 St. Georget.......... 32.4 0.45 5.5 Port Townsend . 31 | 42.4 3.66 
Brazoriat ese | 51.4] 4.98 Sciplot eee 48 —19 19.9 1.49 16.0 Pullmant..... | 9/|30.8 3.74, 5.0 
Brenhain 7% | 24 | 49.0 |....... Snowville ..... — 6 21.4) 0.70 3.0 || Rosaliat 47) 3.90; 3.8 
0.98 Soldier Summitt ....... 42 | —16 | 15.6 | 2.50 | 25.0 | 60 2541.0) 5.90) 1.5 
Brownwood 77 | 1) 43.4) 0.50 Terrace 38 —5 21.2) 0.15 1.5 Shoalwater Bay*"™...... 53 33 | 44.2 |...... 
Burnet ®! 74; 4.2 2M | Thistle ........ 59 —13 22.0) 1.35) 13.5 Snohomisht............. 55) 30 42.0 10.58 0.5 
Cam mage Passt. 78 | 2 48.9) 0.82 || Tooele t 27.3) 1.98 |...... Southbend | 59) 30) 43.3 | 20.70 
Childress... T. Vernal........ 42 —14 13.6) 1.2 11.0 Stampede...... | 413) 13 | 29.8¢ 12.09| 44.0 
Coleman. .... 81) 11 44.3 0.30 ermont BF 12 32.2 1.61) 0.5 
College Station.......... 7 51.3) 3.61 Brattleboro .........-..- 57 | —5 | 27.0! 6.93! 21.8 | Union Cityt............. | 54! 27 41.8 | 29.20 | 
Colmesneil ...... 11.02 Burlington t.... es 56 0, 27.4) 2.10 4.0 Vashont.......... 5S) 41.6 15.17 | 
Columbiat.. -+| 2 50.9 5.69 helseat..... - 5&2 —7/22.0 3.35! 10.0 Watervillet......... - | 4) —12/ 19.0) 4.08) 33.5 
Conroe . -| 24) 48.8) 6.49  Cornwall....... 3.41) 6.5 West Virginia. 
‘orsicana . 81) 44.5! 29.68) Enosburg Falls.......... 56 —18 24.0 3.938 15.5 Beckley ........ 2.43 3.5 
Cuerot 70; 2 48.0) 1.82 Hartland ¢...... M —6 23.6 4.41 13.8 Beverly+t....... (4 —4 37.6 6.08 13.0 
Dallast . ....... 41.8) 2.90 Jacksonville ..........++ —8/ 21.4/| 7.23) 27.8 | Bluefieldt............... | t4 6 39.1 3.50, 4.7 
Danevang t.....-...- 7 2 49.6) 5.52 St. Johnsbury ........... 49 —12 21.7) 3.9 8.2 Buckhannonat......... 6.76 12.0 
Dadlint 12) 42.7) 1.80) Vernon 56 —9 @.8 7.36 21.0 Buckhannon ?....... 
Dayal?! BF | 90.8 | 56, —6 24.6) 3.33 7.0 69 3; 36.4) 3.97 0.5 
EMOCY TB | 4.18) | Woodstock....... 57 | —6 | 24.7) 3.54) 18.0 Charlestom t.... 3.97 3.0 
Estellet ...... | 9) 41.4) 2.14) T. Virginia. Dayton G4 87-4 
Forestburgt....... 72) 42.0) 1.00 ....... Alexandria.............. 64| 12/ 37.1/| 3.43 |..... . | Bastbank 65, 10/412) 6.05, 2.0 
Fort Brown..... 82 56.6) 0.71 Ashlandt..... 13 41.9 2.67) Elkhornt...... 6 11 40.9 4.48 8.2 
Fort MeIntosh........... 8 2 53.5) 1.30 | Barboursville..... ..... 68 12 | 98.6 | 3.98) 0.5 || Fairmont? | 4.63, 2.0 
Fort Ringgoldt.......... 85) 2% 0.36 Bedford City............. 14| 40.2) 3.55 | 65 6 37.0 4.53 3.0 
Fort Stockton........... Bigstone Gapt......+.... 64 16 | 39.1) 4.77 2.5  Graftont..... 2 35.6 4.96 7.2 
Fredericksburg 75 23 45.2) 1.42 Birdsnest * t!...........- 70 20 43.9 3.60) | Green Sulphur ..........| 63 10 37.7 2.88 5.0 
74 10 41.8 0.70) Ty Blacksburg....... @& 9/|35.9| 3.67| 6.0 || Harpers Ferryt 3.90 0.7 
Gainesville 73 | 12) 42.5) 1.98 | 111 90.1 2.77 | | Hinton | 3.76, 4.0 
Georgetown *!.......... 24 | 45.8¢) 1.65 | Burkes Garden.......... 4.81 8.0 | Hinton dt 64 10 | 36.6 |...... | 40 
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TaBLeE II.—Meteorological record of voluntary and other cooperating observers—Continued. 


Temperature. Precipita- Temperature. Precipita- 
| (Fahrenheit.) tion. (Fahrenheit.) tion. 
| - | 
| is |3 | | | 3 
ia | 
Stations. | Bel Stations. rer de 
| | a | 8 | 
& Sia a | a | 

West Virginia—Cont’a.| © | © | © | Ine. Wisconsin—cont'a. | © | | © | | Ins 
Huntington |; 12 37.6) 2.69) 1.0 Valley Junctiont.......| 48 | —20 15.8; 0.91 10. 
Kingwood 59) 82.9") 5.60 ...... | Viroqua ..... 44) 1217.7 1.71) 15 
Marlinton 4 4.64, 4.0 Watertownt............ 47 | —11 | 17.6 2.69 15. 
@| 9| 983 3.10 | 2:0 | 48|—5|211| 1.58| 10. 
Morgantown dt......... 68) 3 38.1/ 2.77) 25 Waupacat....... 42 | —16 | 16.5| 0.77 | 11. 
New Martinsvillet...... 70) 5 36.7 4.89) 5.5 Wausau t........... 40 —16 | 14.6 0.86 | 9. 
Nuttallburg..- 4.65 |...... | Westbend ............ 46) — 4) 20.4) 1.48) 9. 
Oldfieldst......- 4 35.8 2.52 | 42 | —12/ 17.2) 1.39) 11. 
Point Pleasantt........., 69 10 87.8| 3.42/ T. | White Moundt...... —17 | 17.2 | 1.20) 12. 
| 66) 0) 40.8 | 4.33) 6.1 Wyoming. | 
Romney 65-8 85.8) 249 Atlantic 44) 15.5 | 1.42| 14. 
7.24) 4.0 Big Horn Ranch........| 52) —19/ 22.9) 0.75 | 7. 
Upper OD 2.05] 9.5 | Carbon ............ SB] | 19.8] 1.16 ].-.... 

CBTONG 5.26 3.0 Fort Laramiet........../ 56 > —13 27.1 0.78 | 6.8 
Weston 66 ran 5.0 Fort Washakie..... .... | 58 |—80/ 18.2) 2.14) 21.4 
3.18 6.5 Fort Yellowstonet ..... | 37 —19 19.0 0.80 8.0 
Wheeling 9 380) 3.79, 8.5 Green River...... ..... 183) 0.90) 9.0 

Wisconsin. Laramie 43) 15.0) 0.77 | 13.0 
50 | —17 | 15.2) 0.82 7-2) S48 0.11 | 2.0 
Bayfield | 16.5 | 1.20; 12.0) Luskt......... | | —14 22.2; 0.24 |...... 
Beloit | 49) —11 | 19.4) 1.25 | 56 —33 19.6, 0.60) 6.0 
Brodhead........- 49 | —18 | 18.2 1.89 8.0 Sundance .......... 46 —21/ 18.8, 1.30 13.0 
—18 16.4) 1.87) 2.5 Wamsutter.............. 48 —26/ 10.1 0.80 8.0 
‘7 | | 15.0) 7.5 | Wheatland ..........00.. | FO —14 | 28.2) 0.50; 5.0 
Delavan .... | §2/—16| 1.35) 7.8 Mexico. 
Dodgevillet . 44 —12 16.7 | 1.92) 12.7 Ciudad P. Diaz.. 51.4 1.08 | 
Easton...... 47 —22 15.0 0.56 5.5 Leon de Aldamas. 28 | T. 
Eau 40 | —17 | 13.6 | 0.72, 6.0 Puebla............ 76) 20) 56.0!) 0.08 
Florence t.....- 43 —17 15.0; 0.35 4.0 Topolobampo*!......... | 49 65.2 0.00 
Fond du Lac 44 —16/ 17.0) 1.40) 14.0 New Brunswick. | } 
Grantsburgt ....... 49) 13.8) 0.35) 3.5 West Indies. | 
48) —17 18.1) 2-55) 12.5 Grand Turk 0.77 | 

BPVCY —W 18.8 8. te re ts for ovember 1 

51 | 13.0) 0.41, 4.1 ports for N 
és | 7 | —20 16.2; 1.86; 17.5 | 
46 | —10 | 17.4 |...... Alaska 
Koepenick *t!........ es 52-18 15.2 0.60 6.0 49 14 | 292.0; 4.3) 2.0 
Lancastert 42° 16.0¢ 1.05) 11-4 Arkansas. | | 
Lincolnt ..... | 43 —10/ 20.2) 1.25 5.29 
Fe css 40 —7/ 18.4) 1-67) 9.6 Colorado. | | 
Manitowoct —7/19-8| 1.39 14.4 Walden...... 27.8) 0.45) 4.5 
Meadow Valleyt........ 45 | —18 | 14.2) 1.10) 16.0 Florida, | 
50 | —22/| 12.7] 0.40) 4.0) Macclenny 1.47 
Neillsvillet....... ...... | 36) 13.1 0.81 8.0 daho. 

New London ............ | 44) ..12/) 16.4) 1.06) 10.0 Marysville 62 — 6 | 30.6) 2.12) 11.0 
North Crandon .. ...... 47 | —20 10.6) 0.52) 5.2 Kansas. 
Oconto ...... 488 —9/ 19.2) 1.07 10.5 | Augusta. .......... 82 | 7 | 45.2) 0.05 | 
50 —11/22.4/ 0.71) 7.0 Hays | 4/4.6) T. | 
40 —22/ 12.8) 0.44 5.0 Inde; 9 46.2 0. 66 

Pine Rivert 49 —14 17.8 1.08) 11.8 Massachusetts. 

42 | —12/ 15.0] 1.61| 17.0) Concord 5.7 
Port Washington ....... 49 —10 22.1 Minnesota. | | 
Prairie du Chien ........ | —12) 2.7 | 1.47) 11-8) Lawrence 60) 
83 |--7/ 22.5] 1.35/ Mississippi. | 
53 | —11/ 17-2) 1.07 |) cons | 80 30 | 59.2 4.20 
Shawano ..... .......- 18.6) 0.99! 13.3 Missouri. | | 
Sheboygan *"°....... | — | Warrensburg ! 46.1) 1.46 
Spooner ...... 48 | —22/ 10.4/ 0.10; 1.0 Montana. 

Stevens Pointt ......... 48 —15 15.8) 1.02 13.6 || | —25 | 2.8) 20.0 
Sturgeon BayCanal*’../ 42 —8 19.6 ...... i 89| 28.0; 5.17) 18.5 


Rev——6 


on 


Temperature. Precipita- 


| (Fahrenheit.) | tion. 
|S 
| 
| 
Stations. le | Ee 
| g 
| ge r= 
New Hampshire. | | Ins. | Ins. 
| Bethlehem ...... 81.2/ 5.62) 12.5 
New Jersey. | 
Junction ....... 6.67 | 2.6 
North Carolina. 
Mountairy..........s.00. 75 18 | 46.8 | 2.26 
Oregon. 
Riverside........ 7.6) 1.86 4.0 
South Dakota. 
Teras. 
San Antonio....... 8? 36 | 63.6 | 0.46 
Wyoming. 


EXPLANATION OF SIGNS. 


* Extremes of temperature from observed readings of 
dry thermometer. 

+ Weather Bureau instruments. 

A numeral following the name of a station indicates 
the hours of observation from which the mean temper- 
ature was obtained, thus: 

1Mean of 7a.m +2p.m.+9p.m.+9p.m. +4. 


?Mean of 8a. m. p.m. + 2 
Mean of 7 a. m.-+7 p. m. + 2. 
‘Mean of 6a. m.-+-6 p.m. + 2. 

m,. +2 


Mean of 7 a. m.+2p. 2. 

6 Mean of readings at various hours reduced to true 
5 | mean by special tables. 

7 Mean from hourly readings of thermograph. 

® Mean of 7 a. m.+2 p.m.+ 9p. m. + 3. 

® Mean of sunrise and noon. 

1” Mean of sunrise, noon, sunset, and midnight. 

The absence of a numeral indicates that the mean 
temperature has been obtained from daily readings of 
the maximum and minimum thermometers. 

An italic letter following the name of a station, as 
“ Livingston a,” ** Livingston >,” indicates that two or 
more observers, as the case may be, are reporting from 
the same station. A small roman letter following the 
name of a station, or in figure columns, indicates the 
number of days missing from the record; for instance, 
no denotes 14 days missing. 

No note is made of breaks in the continuity of tem- 
perature records when the same do not exceed two 
days. All known breaks, of whatever duration, in the 
precipitation record receive appropriate notice. 


CORRECTIONS. 


California, October, 1897, Bodie, make precipitation 
read 1.56. Bowmans Dam, make precipitation read 
4.01. Edmanton, make precipitation read 3.78. For- 
dyce Dam, make precipitation read 4.95. Laporte, 
make precipitation read 4.84. Summerdale, make 
read 5.02. Susanville, make precipitation 
read 2.45. 

Oregon, Bandon, November, 1897, make mean tem- 
perature read 48.6. 

November Review, page 484, table of Mexican data, 
Torreon (Coahuila), altitude, for 8,720 read 3,720. 

Page 211, line 31 from bottom, for “interrupted ” read 


interpreted.” 
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Tasve III.—Data from Canadian stations for the month of December, 1897 


| Pressure. } Temperature, Precipitation. & 4 
| 8 | =| |e 
Ruts | 2. 
Stations. 3 | | og | we 
£3 2¢ a 
° 
| 
Inches. Inches. o | © Inches, Inches. | 
St. Johns, N.F.... | 20.4/+0.7/ 5.07)........ 22.0 
Sydney, C. B.1.....| 20.88 29.94 + .06 2.4,4+1.2 2.54 — 2.18 nw. 10.0 
Halifax, N. 8 ...... | 29.88 30.02 + .07 29.4 + 1.8 3.53 —1.76 nw. 1.9 
Grand Manan, N.B. 29.94 20.99 .00 29.0;'+0.7| w. 5.1 
Yarmouth, N.S.... 2.94) 30.02 + .04 32.1 + 1.4) 2.08 — 3.19 nw. 5.7 
Charlottet’n, P. E.1.) 29.90! 29.94 .02 26.2 +1.9) 2.47'— 1.53 nw. 6.5 
Chatham, N. B..... | 29.98 | 29.95 Tt -O1 19.0 + 2.0) 3.39 + 0.42) w. 19.6 
Father Point, Que... 29.96 29.99 16.6 + 1.2 + 0.83 w. 18.4 
uebec, Que....... 29.67 30.02 + .01; 16.4 + 1.2 2.37, — 1.94) ne. 12.2 
ontreal, Que ..... | 29.80) 30.02 — .01) 19.2'+4+ 0.9 5.94) + 2.38 sw. 39.1 
Rockliffe, Ont...... | 29.47 | 30.02) — .01 13.4 —1.8 4.43) + 1.69 se. (823.3 
Kingston, Ont...... | 29.70) 30.04) — .01 + 1.3) 3.32) — 0.32) w. ..... 
Toronto, Ont ....... 29.64 30.04 — 277.8 +0.8 3.68 + 1.14) sw. 13.3 
White River, Ont... 28.60 30.06 | + .01 3.6 | —6.1| 0.92 | — 0.52) w. | 9.2 
Port Stanley, Ont.. 29.38 30.05 — .02 —0.4|; 2.45) —0.16) w. 12.0 
Saugeen, Ont ...... 29.26 30.01) — .01 27.2 + 0.5) 4.77) + 0.64) uw. 34.3 
Parry Sound, Ont.. 29.2 30.00 | — .08 21.4 + 0.2, 6.30 +237, e. 46.8 
Port Arthur, Ont.. 29.2 30.03 | + .01 10.5 —2.7 0.46 — 0.39) nw. | 4.6 
Winnipeg, Man..... 2-14 3.04 — .06 3.0 —1.1) — 0.64) w. | 5.4 
Minnedosa, Man... 2.09 30.05 — .05 3.6>—2.1 0.94) 4+ 0.21) w. | 9.3 
u’Appelle, Assin.. 27-62 30.05 — .07 5.8 —1.6 048 — 0.21) nw. | 4.3 
Medicine Hat, Assin 27.64 30.07 — .038 18.0 | —0.2| 0.43/+ 0.07) 8. | 4.2 
Swift Curr't, Assin., 27-34 30.08 | — .04 14.2; — 1.8) 0.89) + 0.18! w. | 89 
Calgary, Alberta... 26.31 30.02) — 17.8)— 0.4 0.70 —0.08 w. | 7.0 
Prince Albert,Sask. 28.36 30.00... .... 4.2) + 1.4) 2.10 nw. 21.0 
Edmonton,Alberta. 27.55 30.02 .038 15.5, +4+ 2-4 1.04) + 0.64 w. | 5.4 
Battleford, Sask... 28.16 90.04 /........ 4.4|—1.0! 0.50 ]......... se. | 4.0 
Hamilton, Bermuda 30.00 30.16 .04 65-8 + 1.1 3.86 
Banff, Alberta. ..... 25.28 | 90.14 |... .... sw. | 6.2 
Esquimalt, B. C..... 90.08 | 20.06 40.8 | — 0.5 | 10.85 |........ n. 0.0 
Ottawa, Ont........ 29.60 | 30.07 |........ 16.6| — 4.13 |.... .... 
November, 1897. | | 
W. 


Calgary, Alberta... 26.38 30.15 | + .11 10.6 | —15.2| 2.54) + 2.19 


TABLE IV not received. 


December, 1897. 
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Stations. 

Bismarck, N Dak..... 12.1 
Boston, Mass. ..-.--- 32.9 
Buffalo, N. 29.5 
Chicago, 24.6 
Cincinnati, Ohio..... 25.4 
Cleveland, Ohio ...... 30.6 
Detroit, Mich........ 27.0 
Dodge Kans..... 25.6 
Eastport, 25.8 
Galveston, Tex....... 54.6 
Havre, Mont. 16.7 
Kansas City, Mo..... B.0 
Key West, cece eee! 
Memphis, Tenn....... 40.3 
New Orleans, La...... 14.6 
New York, N. Y...... 34.2 
Philadelphia, Pa...... 36.5 
Pittsburg, Pa......... 35.3 
Portland, Oreg....... 42.5 
St. Louis, Mo.......... 32.3 
St. Paul, Minn...... 14.3 
Salt Lake City,Utah.. 25.8 
San Diego, Cal........ 51.4 
San Francisco, Cal.... 50.1 
Savannah, Ga......... 50.5 
Washington, D.C.... 35.7 

Stations. F 

= 


Bismarck, N. Dak... 28.245 


Boston, Mass......- 29. 907 
Buffalo, N.Y......-- 29.192 
Chicago, Ill. .....-- 29.151 


Cincinnati, Ohio... 29.422 


Cleveland, Ohio .... 29.214 
Detroit, Mich....... 29.242 
Dodge City, Kans.. 27.478 
Eastport, Me........ 29.891 


Galveston, Tex..... 30.095 


Havre, Mont........ 27.333 
Kansas City, Mo.... 29.101 
Key West, Fla....... 30.118 
Memphis, Tenn..... 29.702 
New Orleans, La.... 30.096 


New York, N. Y.... 29.739 
Philadelphia, Pa.... 29.978 
Pittsburg, Pa....... 29.175 
Portland, Oreg..... 29.980 
St. Louis, Mo........ 29.492 


St. Paul, Minn....... 29. 129 
Salt Lake City,Utah 25.789 
San Diego, Cal...... 30.053 
San Francisco, Cal.. 30.075. 
Savannah, Ga........ 30.077 

Washington, D. 30.000 


x 


crew 


= 


| 
| 


Tas_e VI.—Mean pressure for each hour of seventy-fifth meridian time, 


| 
| 


Tas_e V.—Mean temperature for each hour of seventy-fifth meridian time, December, 1897. 
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oe 
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ESES= 3 
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Midnight. 


221 
256 


SK 


=> 


& 


561 
| | 
11.1 10.5 10.0 8.3| 8.6 10.3 13.0] 15. 21.8 20.3) 18.1 16.6) 15.1 14.6) 14.4/ 18.4) 13.7 
32.7 32.2 22.0 31.1 | 31.5 32.01 34.2 35.4 | 36 36.3 | 35.7 | 34.9 34.4 | 34.0 | 33.6 | 33.6 33.3) 33.8 
29.5 29.5 | 29.5 29.6 30.5 31. $2.1 32.6 | 33 82.8 32.1 | 31.8 31.5 | 30.8 | 30.1 | 20.8 | 29.5 | 31.0 
24.5 2.5 24.3 23.4 83.4 4.6 Ww 27.7 27.0 | 6.7 2.5 | | | | W.2 
35.1 34.6 34.4 33.7 | 33.6 | 35.4 37.0 | 37. 39.0 | 38.2 | 37.8 37.5 | 36.9 | 36.4 | 35.6 35.4! 36.1 
30.6 30.1 29.6 3.0 20.9 Ba. 31.7 32.4 | 38 33.5 | 33.2 | 32.6 32.2 | 31.5 31.2 | 90.6 | 90.5 5 
27.0 26.6 6.4 26.2 26.5 27.8 28.8 29.5! 30. 30.1 29.6 28.8 27.9 7.7) 
5.0 24.6 23.9 22.4 22.0 23.9 20.0 23.5 | 36. 10.4 39.5 | 35.4 31.3 20.4 28.2 | 26.9 | 26.5 
25.8 25.8 25.9 25.2 25.7 26.9 27.7 28.7 | 20. 200 28.4 WO W.4 | W.0 | Ww.7 
54.2 53.9 53.7 52.2 | 52.0 52.8) 53.4 54.5 | 55. 57.2 | 57.0 | 56.2 | 55.9 | 55.5 | 55.1] 55.0 | 54.6 
| | 
16.8 16.7 | 16.0 | 15m | 16.1. 17.3 | 18. 22 
25.7 25.2 25.0 26.7 28.2) 33 
71.0 71.0 | 72.2 | | 73.5 | 73.8 | 74. 73 
39.7 37.8 | 37-5 | 39.5 41.2 | 42. 45 
4.4 53.4 | 54.3 58.1 59.9 | 61. 62 
33.8 32.7 | 33.0 34.0 35.0 36.2 | 36 35.6 | 35.2 35. 
36.1 34.6 | 35.0 | 36.3 37.9 39.8 | 41 37.6 | 37.1 37. 
35.0 34.5 | 34.7 | 36.0 37.0 38.0) 39 36.5 | 36.2 36. 
42.3 41.6 | 41.3 41.1 40.9 41.0 42 43.4 | 43.3 42. 
32.0 29.8 | 29.8 30.5 31.4 32.4) 33 33.1 | 32.6 32. 
13.8 12.8 12.3 12.2 11.6 11.8/ 11-1 11.1 12.8 13.8) 15.6 17.5 18.8 | 19 
25.5 24.4 24.2 23.9 246.5 24.91 23.8 23.5 24.6 26.9 28.5 30.2 31.8 32 
51.1 49.5 49.0 | 48.6 | 47.9 | 47.7 | 47.5 | 47.5 | 49.2 54.6| 58.4 61.0 61.7 | 61 
49.7 48.6 48.0 47.7 47.3 47.1 | 46.6 | 46.1 46.0 46.8 | 48.5 50.4) 51.7) 58 ’ 
49.4 48.6 48.1 47.5 47.5 47.8 49.5 53.0 55.8 58.3 59.5 60.4 61.0 | 60.7 58.8 56.6 55.2 54.1 53.2 52.5) 51.9 
35.5 33.5 B71 40.9 423 48.7 43.5 39.6 39.0 | 37.9 97.2 36.6 
December, 1897. 
| | | | | 
910 1908 .928 .942 [944 .909 .895 ‘804 | 902 [898 | [806 877.907 
.190 | 183 | | .178) 6183) 191.185 | 170.156 | .145 | | .150 | .162 | | .181 | .186 | .188  .192 | .198 | .188| .178 
417.421) 418.415 419.429 447458 | 496.423 409 413 418) 4274383 438 .439 | .430 
213.217.212.210 209.218 | 213.19 183186 | | 224 | 228.225. 
242 | 239.232 | 1239 250) 253 255 | | 263 | 263 | 250 244 
473.465 | .467 | .466 | 461.463.467.470 | 1473. | .482 | 486.468 | 447.438 | .488 | 447.459 | .480 | | .488 | .493 | 496.468 
: 893 .892 .888 (S08 911 .926 .935 (934  .906 .899  |902 1905 .906 1907 | 902 1883) 
091-088-083 | 083 | 08S 125.104.080.066 | 063.066 072.079 | .098 
330.827. 325 | 826.382 | .386 | .345 | | | .336 .338 | 340.336 
| 1105-118 1134) 0151) 159) 151 | 133.107) 1090) 1085 .082 | 1095-108 .120 | 1131 | 1135 | .199 1116 
090 087.085 087 .098 2140) .096 074.068) 062.065 085 | 114.113.0968 
.740 .740 | .786| .787 | . 775 | | 784.710 | .698 | .604 | .699 | .703 | .706 | .709 | .712 | .714| . 718 | .716 | .715| .729 
981.983  .984 .984| .989 .993 [004 .014 | 015 | .001 | .978 .959 1941 | 943.946 1954 1955 | 964-965 .961 2957) .973 
174 5175 | 167 | .165 | .168 .169 .174| .179 | .174.| .158 .144.| .187 | 1187 | 2180 | | 2175 | 1173 | .172| .171 | .170| 
983.982.981.977 | 978.971.965.964 | 967 | 966 | .986 991.975 | 955.955). 957 | 956 | 959.962 987.975. 
1493 .495 | | 495.505 580 | 15387 | 508) 485) 478 | 482 | 487.491.499.503 | | | 514.) . 502 
| 
183.141 .149 149 | 157.160.1638 | .173 | .182 | .185 | .166 | 149.187 | .128 | .181 | .182  .136 | .189 | .140 | .134) 147 
793.789 «.789 | .792 | .784 | | .809 | .822 827.813 | .787 | 785.790.794.801 | .801 .801 | 805.797 
052 047 1046 | 041.084 037.043 1055 | .067 | 084.086 1043 | 1022 | 012.008.007.012 | 024.036 1049 
O78 081 075.079 | 073 LOST | 000) 105 114.105 | L058 | 047.044 046.047 | 055.062 078.078 
OS O72 | 081.001 | 115 | 099.071 | 055.047 | 049 | 052.055.065.073 | .075 | 080 075.078 
| | | | 
002.005 .000 | .000 | .007 | 015.021 -090 | | | .997 72.962 | 964 | .979 987.900 . 993 905.904 988 | .995 
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Tasie VII.—Average wind movement Sor each hour 
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BE Sis | o | | @ | = |a| 
j | | | 
Abilene, 8 | 9.1) $4) 8.2 8.5) 8.5) 80] 8.3) | 9.8 10.8 11.8 | 12.1 12.4 11.8/11.6 7.8 7-2| 7-4) 8. 8. 
Albany, 7-3) 67 6.3 7.1. 6.3) 6.7| 7.8 9.4 10.1, 10.0) 97) 94) 86) 84 8.4/7.8) 7.7) ‘ 
Alpena, 8.9 8.9 9.0, 91) 9.4) 87 9.4/ 10.4 10.5| 10.2 10.0) 92) 8.7 9.3) 93 8. 
‘Amarilio, 13.98) 13.9 | 18-1 | 12.8 13.9 14.0 | 13.1 | 12.3 13.0 | 13.5 14.7 | 15.3 | 16.4 | 16.6 | 15.7 | 12. 12.6 12.5 12.9 13. 
0.5 | 9.8 | 9.6 9.8 9.5, 9.6 10.6 | 10.4 10.8 | 9.8 | 10.2 | 10.7 | 10.0 | at bes 9. 
10. 10.0 | 9.1 9.9 | 9.8 10.1 10.6 12.2 12.6 | 13.0 | 12.8 13.2 | 12.9 | 11.8 11.70 11-8 
44 | 4.4 4.6 5.0, 47 45) 5.0 6.9 82) 8&4 85) 7.9) 71 5-6) 5.4) 4.9) 4 
58 5.4 5.4) 56 5.2 6.0 6.5| 7.0, 7-3) 69) 65) 6.5 5 4.8) 5.1, 49) 6 6. 
4.0 3.9 4.1. 3.9) 3.9) 4.6 6.4) 6.0| 58, 60) 6.0) 5.5 44) 40) 3 
68 6.3 6.4 5.5 | 5.2 6.6) 81 95 9.8 10.3 7.9 | 7.8) 7.9) 7 
.| 17.6 | 17. 17.6 17-6 | 16.7 16.4 17-0) 17.0 | 17.1 17.) 18.2 | 16.9 | 16.9 | 16.2 17.1 17 
10.9 11. 11.4 11.3 10.9 11.3 11.0 12.3 | 12.8 | 12.99 12.9 12.6 11.8 11.6 11.0 11.0) 119 10 
16.0 | 16. 14.5. 15.8 15.8 16.2 16.7 18.0 | 18.1 | 18.9% 19.8) 19.7 19.5 19.1, 19.3 | 18-9) 17.6 | 170 16 
-| 8. 80) 7.9| 7.5) 7.6 83 8.8 | 9.9 | 10.8) 10.5) 9.1 9.4 | 9.3| 9m) 9.6) 9 9 
13.9 | 18. 13.0 | 13.3 12.8) 13.6 14.2 | 14.4) 14. | 14.8 | 13.8 13.98) 12.1 11.7 | 12-4 13.9) 13.1 14 
| | | 
| 4.5) 4 5.2 | 4.4 | 5.3 3.7 47) 5.1) 6M) 6M) 7-2 2 7.5 | 6.3| 6m 5.3) 4 
8.8) 9 9.5 | 9.9! 9.1 9.0 10.1) 10.1 108 10.8) 9.9 9. 8.1| 86) 8 8 
-| 6. 64 64 5.9 5.6 7.6) 7) 7-7 7, 67) 78) 7 6 
7.9 6.8 6.9 6.6) 6.5) 7) 8.1 8. 81, 69) 71) 6 7 
11.9 12.5 12.8 | 13.3 12.4 12.5 | 14.3 15H 17! | 15.8 | 16) 12.50 11.7 12M) 13.1) 
19.2 18.8 | 18.5 | 18.3 18.5 18.3 17.5 | 17.7 | 17.3 | 17.4 17 18.4 18.1 18.5 | 19.1) 1 19. 
8.0 8.0) 7.8) 8.3 8.4 8.9) 91. 9.8) 10.6 10.0 10 9.1| 8.9), 8.6) 8.8 8. ) 
.| 15.3 15.3 | 15.4 15.1 15.7 15.9 | 16.9 17-6 18.5 17.6 | 16 15.7 | 15.8 | 15.2 | 16. 1¢ 15. ) 
96 9.4 9.1, 92 9.4 9.3) 93) 9.5 | 10.0 10.5 | 10 9.0) 93) 97) 1 10. 
| 7.9 7.4| 8.0 7.9 8.7 | 9.5 | 9.9 | 10.4 10.1 9 84, 8.8| Si 8. 
5.5) 55) 52 5. 5. | 6.6) 7.8 8.3| 7 5.9| 6.0) 6. 6. 
9.0 9.0 8.8) 88 9. 8 11.1 12.1 12.8 | 10.7 10.1| 9-7) 1 9 
ot 7.2, 69 7. 7. 7.8| 8.9 9.0 7.8, 7.9) 8 7. 
8.7 8.2), 8.4) 8.8 10. 9. 8.2) 8.2 9.1 9.6| 9.5) 8] 9. 9 
7.6 7.1 6.8 | 7.5 7. 8.1 8.7 9.0 ) 7.5 7.8 | 7.8 | 8 
| | 
wl 8.8 8.2, 8.3) 9.2 9) 9.9) 10. 10.8 11.4 10.8 1 9.0, 8.8) 7\ 9 8. 6 
9.0 9.1) 8.8) 8-9 9-2 10 13.6 14.8 15.8 9.3| 7 5 
65 6.4 63. 6.3 6m| 7.3| 7. 7.7| 8.7 9.0 7 6 
11.8 8.9 8.6 | 8) 8.1| 7.8 8.1 8.5 4\ 9 | 10, 0 
12.5 13.3 12.6 13 | 18.4 | 18. 13.2 13.3 13.0 2 0 | 13M 13.5) 12 0 
} 
9.8) 92) 8M) 8.8) 7.8) 7.9 7.7) 7 10.1. 11.5 13.3 14-3) 15.1 14.5) 13.4) 11-2 6 10.7 10.5 
12.3 12.6 12.9 13.0 | 12-6 | 12.6 3 | 13.2 | 14 146.9 15.3) 14.4 14.4) 14.2) 1399 | 12.9) 12.8 | 12.8 4 11.6 13.2 
5.0!) 4.9! 48) 5.0) 4.9 6| 5.2) 5 46 46| 5.9) 7-2) 8M) 7.5) 6-4 6 5-3 | 5.7 
| 20.6 | 20.87) 21.2 | 20-9 20.7 0 | 21.3 | 2 20.3 20.4 | 21.8 | 22.0 23.4 | 24.0 | 21.9 21.9 19.5 | 21.6 
5.9, 6.1 65, 65 6.8 0 1.8] 8 8.3 8.7/| 8.9 7.2) 6.5 | 6.1 5 6.8) 7.3 
3.1 36 3.2) 38) 3.5 9, 2.7) 3 2.9 4.6| 49) 47| 2.6 | 2.9) 3.4 
11.8 11.5 118 10.9 11.2 6 | 11.9 | 11 12.4 12.3 12.5 12.7) 12.9 12.0 | 11.99 11-3 3 11.5, 11.9 
11. 11.7 12.0 19.9 | 12.4) 12.2 7/1131 12.2 11.2. 11.5 1.7) 11-4 11.7 | 19.99 11.9 5 10.7 | 11.7 
7.2| 7m) 7.8 | 8.0) 85 6; 8.7) 9 9.1 89) 84, 7.6) 7. 6.8 0 7.2) 81 
OM) 86) 9.9) 0) 94) 9 10.4 10.5 10.8 11.0) 10-2) 93) 8. 8.8 2 9.2 | 9.6 
6 6.5 6.3 6.3. 6.9 8. 8.4 10.1 91) 8.5) 8.3) 8.0 
13.9 12.6 13.9 14.1 14.0 13. 14.1) 14.7 14.2 13.6 12.9) 12.4 12.4 12-5 1 13.9 13.4 
1048) 11.5 12.1 13.0 13.4 13.48) 13.) 13.0 | 12.9 14.1 13.0 124 11-5) 1 11.0 12.6 
TH) 7.7 9.0 7-7) 8.5 7, 71) 69 T.l| 7.4) 7.4) 7-5) 7-8 | 8.3 | 7.8 
. | 10 9.6 9.4 88) 84 8-9) 9.1 9.2) 8.9) 8.4, 8.8) 10-1 10.0) 9.4 
7.7 7.5) 7.6) 7.5 7) 8.8) 8.5) 74) 8.3 8.8) 92 | 7-8 | 7.9 
119 | 10.9 10.5 11-3 11.0 11.88) 11.5 | 12.98 12.1 11.9 11-4 | 10.9 11.2) 11.2 
5.1 5.8 55 55 5 6.2) 7.5 8.1 | 7-3) 5 5.0 5.3 | 6.0 
8.6 8.4| 8.0 8.8 104% 11.6 11.6 | 11.1 | 3| 8.1 | | 85| 93 
hae 8.1 8.2) 85, 84 8.7\ 8&7 9.2 | 8.45 8.6 
ose 7.4 7.5 | 7. | 7 8.2 8. 
10.3 9.5 | 9. 
12.0 } 12. 
eee 7.4 7. 
nad 7.1 6. 
Lander, 3. 3. 
Lexington 11. 12, 
Little Rock, Ark.....- 6. 6] 
les, Cal.... 3. 
8. 8 
2.9; 2.5) 38, 2 
11.0 10.3 10, 10 
11.1 10.3 10, 9 
11.5 11.2) 10 10 
| 5.1| 5.4) 6 6 
5. 5, 6.0 
Minn 8. 7.9 
6. 6.8 6.8) 6-8 
1 11.8 11.8 10.5 
7.3 
8 7.7 
9.8 10.5 10.1 
6.9| 6.8) 6.7 
11.9 12.1 12.2 
6.5 | 6.5 | 6.4 
' 3.7! 3.8! 7.3! 
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TABLE VIIL.—Average wind movement, ete.—Continued. 
| 8.4 m4 | 0.6 | 8.7) 68 7 
‘ 84! 8.3 8.9 9.7 10.9 10.2 | 10.1 9 10 
24) 27] 29 2.7 4.1 3.5 2.3) 2. 3 
‘| 62) ¢ 6.5 5.9 8.0) 6.0) 6, 6, 
7.2 7.0 7.8 79) 78) 7.2) 6. 7. 
| 
| 48) 4.7) 4 4 3.9/ 4.5) 541] 47! 4.8) 43 4, 
“| | 18:2] 11.0 | 10.8 | 10:9 | | 12-7 43 13 12-2 11-6 | 10.4 | 10:0 10.8 10.2 11.6 
| | 68) 67) 7 7 6.8! 7.1! 7.1/1 69) 7.4 7.1) 7.0 
10.2 11-0 11.3 | 11:6 | 11:4 | 10.4 10.6 4 10 109) 10-6 11.2 11.9 
50) 51) 46! a8) 47 / | 6.0 6 7. %4 10.3, 9.6/7.7) 5.4) 53 6.6 
4.9) 5.4! 54/ 55! 48/48) 5.4/5.9) 67 6.8! 7.8) 6.7) 6.5) 5.8) 4.8 | 49°55 5.6 55 5.6) 5.7 
7-8) 79! 75) £8 &1/ 7.5) col ar! 10-0) 9.1! 82] 6.8 7.6 7.3) 7.9 
47! ae] as! 46) 5.0| 56) 54) 6.7) 6.5] 65 6.1/ 5.2) 5.4 5.2) 5.4 
8.0! 7.9) 7.8) 84) 91) 10.2) 11-0 | 10.4 | 10:4) 9:4) | 8.9 | 92° 8.8 83 8.3) 8.7 
27/ 23/ 23/35) 3.2) 80) 31! 29 as; 8.7) 4.4 8.5/ 85 3.0 3.1 
6.7/ 65! 65) 6.1) 59) 63! 61 6.5) 7.8) 7.9! 8.3 7.5 | 7.5/6.9 6.8 6.8 6.3 6.8 
93! 92) 9.6 10.8) 104 0.0 9.9 10.1) 10:5 10.5! 5) 98) 10.3) g's 96 92 9.4) 9.8 
£0) 50! as, 43/45/45) 45) 46| 5.0) 5.2) 6.0) 5.8) 59 4.95410 41, 35 3.8) 4.6 
| | | } 
4.5 | 5.0/4.8 4.4) 4.0 4.1 3.6/ 49! 6.5) #3! 9.6/ 8.0) 6.5) 5.3) 4.6 4.5 4.7) 5.8 
8.9 82 82) 9.1 10-5 11.1 11.8 | 11.8 | 10:2| | 8-8) 87! 91) 8.9 9.4 
5.6 58 49 59> 6.2 8.0) 7.6) 65 5.9/ 5.3 
8.5 ; 3.5 3.6 30 3.1 3.6) 4.7 4.7) 5.7) 7.3) 78] 6.5) 5.7 49) 4/6 3.9/3.7 4.5 
7.1 72 6.7 72 6.4 92) 9.7) 9.6 10.3) 9.7 | 7-5) 58] 42) as 5.7 | 60/67) 7.3 
| 
8.2 8. 9.0! 91) 7.9] a6! of 8.9 7 
¢ 6.4 8.3) 7.8) 7.4) 79) 7.0] 6.6) 6.8) 
8.3) 4 6.8 6.9) 73! 79) 75) 8.0) 7.8) 7.8) 7.5) 
7.0 7 7.7 9.1) 10.1 10.3 | 10:2 | 10:3 86) 7.8) 8.0 
10.9 10 11.3 1 11.2 11.5 12.5 128 12.5! 10:9 | 10.2 10.6 
| 
6&3) 6 6.0 5 57) 6.0) 68) 7.1, 6.5/ 67! 5.2! 59) 54 
9.7 10 20-6 10.7 | 10m | 1173, 10.9) 9.8/ 10.2 10.5 10°71 
191 10. 10.0 10 | 12-1 | 12:8 | 198 | 19°4 | 11.40 11:3 
7. 6.2 4] | $9) 6.6] 6M) 68| 7.3) 79 
slo) 4. 4.5 5. 7:1 7-8) 7.4] 66) 5.7) 5.6 5.3 
| 
16.8 17.1 8 | | 19.4 18.1 18.0 18.2 1 .8 011 1 
9.5 6 11.2 11.6 9 13.0 12:5 44.5 1 1 1 
7.3) 7.4 84 91 2; ¢ 9.4) 9.5 8 
ass; 9.9 9.9 5 9.7 | 10.2 l 10.8 | 9.9 j 1¢ 
lee. 6.6) 5.9 5.9 6.2 66) 67] 5 5 6 
BY 2 81 8.9 9.7) 94] 79 6 6 
98) 9.6 7 9.9 11.0 | 14 11:3 | 8 9 
68) 6.8 6.2 6.3 9 8, 
6.5 7 7.6 8.5 8.5 7.9) 7.2 6, 7. 
181 17-6 5 17 16.2 16.6 16.6 16.2, 16. 
8.0 | 7.6 7 6 7.8 9.6) 9.5) 8.8) 8.3 7. | 7. 
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Taste VIII.—Resultant winds from observations at 8 a. m. and 8 p. m., daily, during the month of December, 1897. 


From observations at 8 m. 


| Component direction from— Resultant. 
| 
rection Dura- 
N. 8. | E. w. from— | tion. i 
New England. Houre.| Houre.| Hours.| Hours. Hours 
Eastport, M@.... 23 12 9 n. 64 w. 26 
Portland, Me...... 15 2 35 | n. 72 W. 35 
Northfield, es 7 87 3 «68. 19 Ww. | 21 
Boston, Mass... 18 5 a5 | n. Sw. 30 
Nantucket, Mass bus] 18 9 On. 76 w. 21 
Woods Hole, Mass.*... 8 13 45 
Block Island, R. een 2 11 M4 Sl 21 
New Haven Comm 7 10 Bw. 30 
Middle A llantic States. 
Albany, N. Y.....-- 21 26 8 18 «68. Bw. 
Binghamton, N. 7 7 10 1 
Now York, N. 19 15 i 23 «On. 74 5 
Harrisburg, 13 2 21 22 8. 6w. 9 
Philadelphia, Pa 24 15 14 206 On. Ow. 16 
Atlantic City, N | 16 2 «On. OS Ww. 22 
Baltimore, Md . 15 13 16 
Washington, D. cece 26 20 9 17. n. Bw. 10 
Lynchburg, 19 20 10 32) 8s. ST w. 2 
Norfolk, V& 21 19 «21.59 w. 6 
South A antic ‘States. 
Charlotte, N. C 16 25 19 13| s. He. | 11 
Hatteras, N.C 31 10 7 22 w. 26 
Raleigh, N. 26 21 21. 69 w.! 14 
Wilmington, N.C 23 12 26 «on. 49 w. 18 
Charleston, 8. 28 13 23 «On. 36 Ww. 19 
Augusta, GA. 16 16 10 3 23 
Savannah, 22 18 13 200 «on. Ow. 8 
Jacksonville, Fla.. ll 14 26 «on. 41 w. 18 
Florida Peninsula. 
Jupiter, Fla 19 15 20 31 «=n. 70w. 12 
Key West, 21 8 | 2) n.69e. 36 
Tampa, Fla 7 16 «on. 4w. 
Eastern ony States. 
GS 16 13 16 11 
Pensacola, Fla 23 21 18 13 «=n. 68e. | 5 
Mobile, Ala ......+. 2 21 12 160 on. 45 Ww. 6 
Wontqomery, Ala.. | 17 19 23) s. 72 w. 6 
Vicksburg, Miss..... 21 20 20 7| n. ie. | 3 
New Orleans, le. 18 23 18 | 7i @ Be. | 5 
Western Gulf States. 
Shreveport, La.. 19 20 2 8. 4 w. | 1 
Fort Smith, Ark.. eee 13 8 24 | 2 n.ilw. 5 
Little Rock, Ark... eee 15 19 15 
Corpus Christi, Tex 81 17 1 | 17 
Galveston, Tex . 28 20 n.37 w. 10 
Palestine, Tex .. 23 13 16— os. SO w.. 4 
San Tex. 31 18 10. 150 on. 21 w. 14 
Ohio Valley and Tennessee. 
15 17 | s. Ow. 13 
Knoxville, Temm 2 14 23 n.84w. 9 
Memphis, Tenn 19 20 16 8s. 79 Ww. 5 
Nashville, 15 25 12 23 15 
Lexington, Ky. 9 22 s. iw. 18 
Louisville, Ky. 15 26 21. 82 w. 13 
Indianapolis, Ind... 20 22 10, Sw. 14 
Cincinnati, Ohio 7 20 17 2 86s. 72 w. 10 
“4 18 13 | 31 Sos. 77 Ww. 18 
PR 7 29 13 2 s. Mw. 27 
Parkersburg, W. «+ | 16 26 12 24 06s. Ow. 16 
11 18 4 30° 66 w. 18 
Oswego, N.Y. 10 33 16 18| s. Sw. 3 
Rochester, N. 5 30 10 31 os. 40 Ww. 33 
PO 26 20 «os. 47 w. | 26 
Cleveland, 30 31s. 46 w. 32 
11 15 | 17 | 40 8. 80 w. 23 
Detroit, Mich: ane 13 20 8) 33. Cis. 74 w. 26 
9 11 | 34 os. 76 w. 
Grand Haven 24 | 13 205 n. Sw. | 11 
Marquette, 18 18 2) 3 OW. 33 
Port Huron, 12 6 | 31 os. ST w. 30 
Sault Marie, 17 16 15 n.Se. | 10 
Chicago, I O00 17 Sw. | 21 
Milwaukee, 18 12 36 «on. 79 w. 31 


Wichita, Rans.--- 


Stations. 


Greenbay, Wis 
Duluth, 


Bismarck, 
Williston, Dak 
Mississippi Valley. 
St. Paul, Minn 
Davenport, 
Des Moines, lowa 
Dubuque, lowa 
Ul... 
Missouri Valley. 
Columbia, Mo.* 
Springfield, Mo.......... 
Lincoln, Nebr 
Omaha, Nebr...... 
Sioux City, lowaf....... 
Pierre, 8. Dak 
Huron, 8. Dak 
Yankton, 8S. Dak t 
Northern Slope. 
Miles City, Mont 
Helena. Mont........ 
Rapid City, 8. Dak. 
Cheyenne, Wyo.... 
Lander, Wyo. .... 
North Platte, Nebr. 
Middle 
Denver, Colo.. 
Pueblo, Colo... 
Concordia, Kans 


Southern lope 
Abilene, Tex . 
Southern Plateau. 
El Paso, Tex 
Santa Fe, N. Mex 
Phosniz, Aris. ..... 
Yuma, 
Middle Plateau. 
Carson City, Nev..... 
Winnemucca, Nev 
Salt Lake City, Utah. 
Northern Platean. 
Idaho Falls, Idaho....... 
Spokane, Wash 
Walla Walla, Wash.......... 
North Pacific Coast Region. 
Fort Canby, Wash. 


Port Ange es, Wash. 


| San Diego, Cal .... 


Tacoma, Wash. 
Tatoosh Island, Wash 
Portland, Oreg............ 
Roseburg, Oreg 
Middle * Pacific Coast Region. 
Redbluff, Cal 
Sacramento, Cal . 
San Francisco, Cal... 
South Pacific Coast Region. 
Los Angeles, Cal ........... 


San Luis Obispo, 


N. Ss. 

Hours. Hours. 
17 
19 20 
17 22 
24 
23 7 
23 21 
10 12 
20 il 
20 11 
22 17 
25 16 
19 | Py 
20 18 
7 
12 8 
33 12 
22 18 
2 19 
32 15 
15 
19 16 
25 18 
11 6 
8 33 
21 22 
7 
30 il 
10 32 
18 13 
15 32 
23 
19 20 
28 
30 16 
33 15 
29 21 
16 
20 3 
26 19 
22 5 
3 
17 
19 22 
13 32 
12 33 
31 pol 
16 2 
6 32 
10 21 
3 13 
14 31 
9 3 
2 
M4 28 
10 28 
14 23 | 
35 12) 
35 14 
36 9) 
9 
28 5 
34 5 
38 8 


+From observations at 8 a. m. only. 


= 


Component direction from— 


SERS Bans 


Resultant. 

Direction) Dura- 

from— | tion. 
° Hours. 
8. TT Ww. 32 
8. w. 
61 w. 10 
n. 31 w. 12 
n. 77 Ww. 26 
n. 85 w. 23 
8s. 76 w. 8 
n. 59 w. 18 
n. 6w. 18 
n. 77 w. | 2 
n. 
s. 67 w. | 13 
n. 83 w. | 17 
n. 72 w. | 10 
n. 68 w. 
n. ie. 4 
n. 41 w. 2S 
n. 45 w. 6 
n. 44 w. | 9 
n. 45 w. 
n. be. 7 
n. 18 w. 3 
n.4iw. 9 
n. 22 w. | 5 
s. 69 w. | 36 
8. 37 w. | 31 
s. 72 w. 3 
n. 60 w. 32 
n. 9w. 19 
8. 24 w. 
n. 81 w. 33 
s. 45 24 
n. 38 w 11 
s. Siw 9 
n. 27 w 16 
n. 36w 17 
n. 28 w 19 
15 
n.14w 8 
n. 35 w. 32 
n. 45 e. a4 
n. 7w 17 
n. 4e. 31 
8s. Bw 16 
s. (Ow 
s.18e 20 
s. 8e 21 
n. 34w 
n. 6e. 9 
s. 19 w. 28 
s. We. | 22 
s. 18 w. | 3 
s. be. | 3u 
s. 5e. | 24 
s. Me 33 
a. Sle 22 
8. 18 
18e 10 
n.19w 24 
n. 37 e 26 
n. 3lw 31 
n.18w 16 
n. 3w 28 
n. 8e 29 
n. 27 w 


| 
Ww. 
Hours. Hours. 
1 32 
ions 3 37 
7 
17 3 
4 29 
8 3t 
4 12 
19 21 
9 30 
5 21 
10 23 
26 
6 
12 22 
10 9 
10 
17 21 
13 20 
9) 7 
2 21 
21 
7 9 
| 40 
25 
37 
39 
36 
25 
39 
21 
24 
21 
17 
19 
16 
32 
6 
2 
| 
10 
6 
23 17 
18 15 
3 4 
18 17 
12 21 
7 
11 10 
29 4 
17 15 
33 8 
a4 
22 
21 
vi 
18 | 
13 
24 
' 
\ 
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TABLE IX.— Thunderstorms and auroras, 


December, 1897 
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MONTHLY WEATHER REVIEW. 


Stations. 


Atlantic City, 

Itimore, Md..... 


Boston, 
Chattanooga, Tenn ..... ..... 


Cheyenne, Wyo ...... 
Cincinnati, Ohio ....... 
Columbus, Ohio............ 


Detroit, Mich....... 
Dodge City, Kans ..... 
Dubuque, 


Erie, Pa ..... wees 

Eureka, Cal.. 
Fresno, Cal ......... 


Harrisburg, Pa.... ... 
Helena, Mont ..... 
Huron, 8S. Dak ..... 
Idaho Falls, Idaho ..... .. 
Indianapolis, Ind......... 


cece 
Minneapolis, Minn .. 
Nashville, Tenn .... 
New Orleans, LG. 


Oklahoma, Okla............. 


Philadelphia, Pa 
POs 
Portland, M@ 


Salt Lake City, 
San Francisco, Cal.. 
Banta VO, NW. MOE 
Savannah, Ga 


Spokane, Wash ..... ev 


pa, 


Yankton, 8. Dak... 


Taste X.—Hourly sunshine as deduced from sunshine recorders, December, 1897. 


Percentages for each hour of local mean time ending with the respective hour. 


Instrument. 


6 | 


guest 


Bi 


2S 


= 
2 


ees 


. 


BRFSS & 


7 
~ 


ry 


SSE Sh 


BOD 


DeceMBER, 1897 


Hours of sunshine. 


Personal esti- 
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possible, 


| Possible. 
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.M. . M. 
A P.M 
| 8 | 9 | | 11 1 2 | 8 4/8/6 8 3 
| | < | ‘ 
| Hours. Hours. | 
T. ? 31.4 23 
P. 46 | 53! 58]...... 126.4 265.6 48 45 
T. | | 47; 67 )......|....... 198.8] 810.7 41 43 
12; 122 6 6 9 
Wi wl 52; 42, 85) 38 41 41 
| 
@| 37| ....| 193.5] 277 42 37 
Be. 6 10 18 38 39; 3 _ 31 26 
31 #19 «+18 22 70 24 17 
| 16 3 0 16 16 
, 18 4 19 269 28 28 
P. 122 «65 31) 24 23 19 269 25 28 : 
T. 6] 3| | 85) 54] 39 2 | 41 40 
1 5 7 3 3. 231 “4 12 
36 36; 4 6 293 2 19 
| | | 
42) 32 | 45 41 287.8 43, 50 
| | 86) 82 310.7 88; 79 
ORS | 56 81 86 85 74 296.7 71 5D 
67 | 76 | 86 88) 302.5 81; 7 
1 | 8 | 18] 0 262.1 6 619 
Tacoma, Wash 2) 3 13 | 13) 13; 13 265.6 13 13 
| 47 | 67 | 59 58 > 322.9 58 | 
28] 86 | 45 | 49 313.0 39 | 37 
1 | 37 | 58 | | | 0 293.7 
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Taste XI.—Accumulated amounts of nubian ra each 5 minutes, for stormsin which the rate of fall equaled or exceeded 0.25 in any 5 minutes, or 
0.75 in 1 hour during December, at all stations with gouges. 


Excessive rate. 


Total duration. Depths of precipitation (in inches) during periods of time as indicated. 


5 | 10 15 | 20 | 2% | 3% | 3% | 40 | 4 | 50 | 6 | 80 | 100 | 120 
min. min. min. min. min. min. min. min. min. min.| min.| min.| min. min. 


tation. 
fore exces- 
sive began. 


Began— Ended— 


| Total am't 

of precipi- 

Amount bhe- 


| 


Boston, Mass.....-..- 

Buffalo, N. 


e Chicago, Ill.*.......... 
Cincinnati, Ohio*..... 
Cleveland, Ohio*...... 
Columbus, Ohio ....... 
Denver, Colo.*. 
Galveston, Tex........ 10 0 9 
Harrisburg, Pa........ 
Hatteras, N.C......... 


Indianapolis, Ind.*.... 
Jacksonville, Fla...... 
Jupiter, Fla ........ 
Kansas City, Mo.*...... 
Key West, Fla..... nee 1 
Little Rock, Ark...... 
Los Angeles, Cal...... 
Louisville, Ky.*...... 
Memphis, Tenn........ 
Milwaukee, Wis.*. 
Montgomery, Ala. .... 
Nashville, Tenn....... 19-20 ........ 
New Orleans, La.... .. 

Oklahoma, Okla.*.. 
Omaha, Nebr ........ 18-90 | 
Parkersbarg. W.Va...) 30-81 
Philadelphia, Pa...... see 
Portland, Me..... .... 14-15 

Portland, 6-7 
Rochester, N. 14-15 . 
St. Louis, Mo.......... 3 
St. Paul, Minn......... 
Salt Lake City, Utah..| 1-8)... 
San Diego, Cal......... 
San Francisco, Cal.... 
Savannah, Ga.......... 25-26 
Seattle, Wash. ........ 12-13 -| 0. 
Vicksburg, Miss....... 23 9.24a.m. 7.38p.m. 5.75 3.10a.m. 4. 15a. m. 1.42 0.05 0.09 0.14 | 0.24 0.29 (0.46 0.66. 0.85 0.95 1.01 | 1.16 | 1.31 | 1.47 | 1.54 


P * Record incomplete on account of snow. 
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Taste XI1.—Zecessive precipitation, by stations, jor Setar, 1897. 
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2-3 11.33 » 
1 21.74 
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ll 12.18 
14.15 
1 14.32 
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Chart I. Tracks of Centers of High Areas. December, 1897. 
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Chart II. Total Precipitation. December, 1897. 
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| Chart V. Hydrographs for Seven Principal Rivers of the United States. December, 1897. 
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